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TUBERCULOSIS MORTALITY AND INDUSTRIALIZATION! 
With Special Reference to the United States 
Part I | 
GEORG WOLFF 


INTRODUCTION 


1. The tuberculosis problem in the United States: 'The tuberculosis prob- 
lem, and especially tuberculosis epidemiology as a mass phenomenon of 
human society, in spite of the great decline of tuberculosis mortality in 
recent years, is still one of the most important problems of social and 
geographical pathology. In the United States the problem is compli- 
cated by the presence of a considerable Negro population, and is hence 
different from the racial and environmental conditions in all European 
countries and almost all countries of the world. The proportion of 
Negroes (or of all “colored” people) in the population of the U. S. A. 
varies in the single states very greatly; from 0.1 per cent in some north- 
ern states (New Hampshire, Maine, North and South Dakota) to around 
50 per cent in some southern states (South Carolina, Mississippi). 
The spread of tuberculosis, still best measured by the mortality figure, 
is very much influenced by the variant mixture of white and colored 
people, the separate treatment of which therefore is indispensable. 
For tuberculosis is much more fatal among the colored people, as mor- 
tality figures from all parts show. 

There is perhaps no other country or nationality where the tuberculosis 
problem can be studied so well, in particular with respect to the influence 
of environmental or distinct racial differences so much discussed without 
precise statistics. Of course, tuberculosis among the natives of Africa 
or elsewhere is known very well, but for want of general population sta- 
tistics there are only casuistic reports, very valuable from the view- 
point of the pathologist but not of much significance to the epidemiologist. 
He wants to study tuberculosis as a mass phenomenon in human society, 

1 From the Department of Biology, School of Hygiene and Public Health, Johns Hopkins 


University, Baltimore, Maryland. The author is very much indebted to Professor Ray- 
mond Pearl for the opportunity to work out this study on tuberculosis in the Department. 
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and therefore needs vital statistics from different countries or nations, 
different occupations, social or economic strata, races or, at least, from 
geographically and anthropologically well defined groups of people. 
Different climatic and other natural conditions of environment, in 
contrast to social conditions, may be added in such an epidemiological 
investigation. Yet the meaning of climate in the epidemic course of 
tuberculosis must not be overestimated since a remarkable change of 
climate during the last fifty years has not occurred. But in this time the 
enormous decrease of tuberculosis mortality is evident in almost all 
countries of western civilization, in the North as well as in the South, 
in the United States as well as in Europe. So at least we have to say 
that the general trend of tuberculosis spread in the same country or 
political-geographical unit is rather independent of climate, although 
finer variations of climatic qualities, such as hours of sunshine, altitude, 
ultraviolet rays, relative humidity, the stimulating effect of wide daily 
variations in temperature, etc., may be of importance, especially for the 
treatment of the single case. As a mass phenomenon, tuberculosis 
epidemiology follows other laws. 

We should, furthermore, distinguish between special hereditary fac- 
tors in tuberculous families and a general racial susceptibility for tuber- 
culosis. That heredity plays an important part is without question. 
We find tuberculous families in all classes, among the poor and the rich. 
Quite different is the practical question as to whether we are able to 
change the hereditary constitution of a human being and hence the more 
or less greater liability to tuberculosis infection without disturbing nu- 
merous valuable hereditary factors in connection with it. In any case, 
we have to prove, by means of statistics, whether there are special racial 
susceptibilities at all; as for example, a lower susceptibility often alleged 
for the Jews, or a higher susceptibility of colored people in comparison 
with white. However, we must not forget that racial problems are 
mostly combined with social problems and social differentiations. 

There is no doubt that tuberculosis, measured by the mortality figure, 
has decreased very much during the last fifty years, or as far as vital 
statistics go back, in the United States as well as in most other civilized 
countries. This phenomenal decline is a matter of fact that a few 
preliminary data may illustrate, showing the death rate and relative 
figure in the U.S. A. since 1900. 

Tuberculosis mortality amounted in 1935 to only about a quarter of 
that of 1900 in the expanding Registration Area of the United States. 
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It may be mentioned that, in England and Wales and in Prussia where 
the statistics of causes of death reach further back, tuberculosis mor- 
tality was in 1896-1900 191 and 208 per 100,000 inhabitants, and fell 
in 1926-1930 to 94 and 91, respectively. The phenomenon of decline 
is very similar in Europe, though perhaps not quite so distinct or enor- 
mous, especially in England and Wales where the mortality figure from 
tuberculosis in the period 1926-1930 amounts to only 49 per cent of that 
in 1896-1900, and in Prussia to 44 per cent. 

What are the reasons for this decline over almost all the world? Is 
it a kind of immunization like a natural process of continuous infection 
and reaction of civilized man; is it better nutrition, housing and stand- 
ard of living for the bulk of the people; or is this outstanding phenom- 
enon in the field of modern hygiene perhaps a natural selection of the 
fittest, or rather success of medical therapeutics and preventive medicine; 
or was there a remarkable change of climatic or other natural conditions 


TABLE 1 
Tuberculosis death rate in United States Registration Area per 100,000 population 
YEAR DEATH RATE RELATIVE FIGURE YEAR DEATH RATE RELATIVE FIGURE 
1900 202 100 1920 114 56 
1905 192 95 1925 87 43 
1910 160 79 1930 71 35 
1915 146 72 1935 55 27 


on our earth? There are many questions that have had no definite 
answers up to the present. We shall try later to analyze and summarize 
the single factors. First we might have some better statistical infor- 
mation and details. 

2. The present meaning of tuberculosis as a cause of death, in comparison 
with other leading causes of death: In spite of the great decrease of tu- 
berculosis mortality, and probably morbidity too, this cause of death 
is still of greater importance than most other leading causes. This is 
true even for cancer and heart diseases that are now in the foreground 
of medical interest, since the absolute figures of death from them have 
now surpassed by far those of tuberculosis. 

There are in the main two reasons for asserting the greater importance 
of tuberculosis as a cause of death. The first is that the majority of 
all tuberculosis deaths occur in the age period fifteen to fifty, that is, 
in the prime of life and the period of greatest economic value of men, 
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while cancer, nephritis and heart diseases (of course diabetes and cere- 
bral haemorrhage, too) prevail much more in the higher age classes. 
Even deaths from pneumonia, another leading cause of death, and 
other diseases of the respiratory system occur much more often than 
tuberculosis in the higher age classes. Table 2 may illustrate this for 
the United States Registration Area for instance in 1932. 


TABLE 2 


Deaths from tuberculosis, cancer, nephritis, pneumonia and heart diseases, by age in the 
United States Registration Area, 1932 


rusercutosis |“ANCER AND OTHER 

AGE GROUP 
All ages 

75,509 = 100 122,729 = 100 104,751 = 100 | 92,474 = 100 268,696 = 100 
Number ~ Number Number Number Number 
Under 5 2,552 | 3.4 394 oi 541 .5 | 23,881 |25.7 844) .3 
5- 989 | 1.3 274 a 350 .3| 1,834 | 2.0 946) .4 
10- 1,332 | 1.8 245 a 459 4] 1,374)1.5| 1,445) .5 
15- 4,912 | 6.5 418 GO; 2,8212.3) 1,88 .7 
20- 17,525 |23.2 | 1,621 2,094|2.0} 4,898 | 5.3 | 5,030) 1.9 
30- 15,347 |20.3 | 5,756 | 4.7 | 4,319! 4.1 | 6,719 | 7.3 | 9,665) 3.6 
40- 12,760 |16.9 | 15,537 |12.7 | 9,304 | 8.9 | 8,580 | 9.3 | 22,070) 8.2 
50- 9,447 | 26,694 |21.7 | 15,725 |15.0 | 9,530 {10.3 | 40,749/15.2 
60- 6,151 | 8.1 | 33,319 |27.1 | 23,853 |22.8 | 11,081 |12.0 | 63,842/23.8 
70- 3,661 | 4.8 | 28,349 |23.1 | 29,603 |28.3 | 12,759 |13.8 75,847/28.2 
80- 694 \ 0 9,213 | 7.5 | 15,662 |15.0 | 8,146 | 8.8 | 40,314/15.0 
90 and over 47 i | 1,537 | 1.7) 5,908) 2.2 
Unknown 92 on 95 137 93 228) .1 
Under 15 4,873 | 6.5 913 2} 1,380 1 1.3 | 27,019 (29.2 | 3,235) 1.2 
15-under 50} 50,544 |66.9 | 23,332 |19.0 | 16,387 |15.6 | 22,309 |24.1 38, 580)14.4 
50 and over | 20,092 |26.6 | 98,494 |80.3 | 87,014 |83.1 | 43,146 |46.7 226, 881)/84.4 


Hardly a greater contrast can be imagined than that between tuber- 
culosis and cancer deaths in their age distribution. In the United States, 
in 1932 exactly two-thirds of the deaths from tuberculosis were of per- 
sons at ages fifteen to fifty as compared with less than one-fifth of all 
deaths from cancer and other malignant tumors. Persons over fifty 
contributed a good quarter of the deaths from tuberculosis (over sixty 
only 14 per cent) but contributed four-fifths of the total deaths from 
cancer (in the ages over sixty up to almost 60 per cent). Very similar 
is the age distribution for heart diseases and nephritis, as a glance at 
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table 2 shows. The percentage distribution of both these causes of 
deaths corresponds in almost all age groups; 84.4 per cent and 83.1 
per cent occurred in ages fifty and over. ‘Phese causes of death, and of 
course cerebral haemorrhage and diabetes too, are rather constant 
sources of mortality at higher ages; even pneumonia, first a leading 
cause of death in early infancy, afterwards affects more and more aging 
people—in the United States in 1932, 46.7 per cent = 43,146 deaths as 
against 26.6 per cent = 20,092 deaths from tuberculosis at age fifty and 
over. 

Therefore, from the point of view of human biology and preventive 
medicine as well as political economy, tuberculosis may be regarded as 
the more serious evil in a human society. For it snatches away a hu- 
man being mostly in the prime of life. However, there is no doubt that 
the absolute figures of deaths from tuberculosis now rank far behind the 
deaths from heart diseases, nephritis, cerebral haemorrhage and cancer; 
partly as a result of the success of modern hygiene, partly as a conse- 
quence of the aging of the population in all civilized countries. 

3. Tuberculosis mortality in the Great War resembles a mass experiment, 
a warning for the future: There is another reason why attention must 
always be directed to this cause of death. In contrast to the above 
mentioned causes of death, tuberculosis is an epidemiological product of 
living organisms, without doubt an infectious disease and a special one, 
dependent on and sensitive in a high degree to external conditions. 
Therefore, under particular conditions it may take on an epidemic 
character and claim again, after a declining tendency, over-many vic- 
tims. This, the experience of the World War has proved. That ex- 
perience was an involuntary experiment in human beings of great 
importance, especially in countries, such as Belgium, Germany and 
Austria, where environmental conditions and, in particular, those of 
nutrition were difficult. But also in England—for France there are no 
sufficient statistics over the years of war—and even in the United States 
there was a slight rise of tuberculosis mortality. In the Netherlands, 
too, not directly implicated in the war, there was the same phenomenon. 
Table 3 and charts 1 to 4 may recall this. 

The figures given for the eight countries Prussia, England and Wales, 
Belgium, the Netherlands, Italy, Austria, the United States and Japan 
in the fifteen-year period 1911-1925 immediately before, during and 
after the World War speak a very distinct language, better than words 
do. The index numbers put in table 3B, taking the year of lowest 
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mortality before the war as 100, show best the change of the epidemic 
course in this short period; charts 1 to 4 illustrate the different course 
of tuberculosis mortality: decline, rise, and decline again, in the different 
countries. The figures are like a history of the war in terms of tuber- 
culosis epidemiology. 

In Prussia (the largest state of Germany, about two-thirds of the 
whole) and in England and Wales there was immediately after the 


TABLE 3A 
Mortality from tuberculosis in England, Prussia, the Netherlands, Belgium, Italy, Austria, 
Japan and the United States,t immediately before, during and after the 
World War, per 100,000 population 


UNITED 
STATES 

REGISTRA- 
TION AREA 


1911 147 151 127 172 294 159 207 
1912 137 146 118 149 283 150 219 
1913 135 137 118 149 259 148 209 
1914 136* 139 124 145 256 147 211 
1915 152* 146 131 158 322 146 213 
1916 152* 158 149 166 387 142 221 
1917 160* 205 211 175 432 147 223 
1918 167* 230 245 209 403 150 253 
1919 128* 219 144 | 173 360" 126 236 
1920 113* 158 114 160 284* 114 224 
1921 113 135 110 142 267% 99 213 
1922 112 143 111 140 231 97 218 
1923 106 153 106 143 204 94 188 
1924 106 122 103 153* 185* 90 193 
1925 104 109 100 150" 171 87 194 


¢ Figures for Prussia, England and Wales, Greenwood and Wolff, Ztschr. f. Tuberk., 
1928, vol. 52, p. 97; for other countries League of Nations, Monthly Epidemiological 
Report, 1931, 10th Year, No. 2 and 3. 

* Only civilian population. 

® Present territory. 


beginning of the war a small increase. After a long and uninterrupted 
decline, since about 1880 in both countries, tuberculosis began to flare 
up. In 1915 the increase amounted in Prussia to 7 per cent, in England 
even to 13 per cent of tuberculosis mortality in 1913; in 1916 it was 
15 per cent in Prussia and 13 per cent in England. The following year 
brought the first catastrophe for Germany, the enormous deficiency of 
all foods, a really defective nutrition of the mass of the people. Asa 


| | | 
ENGLAND 
YEAR 
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consequence, in the years 1917, 1918 and 1919 there was a rapid increase 
of tuberculosis mortality in Prussia and the death rates per 100,000 of 
population rose to 205, 230, 219 (like the death rate from tuberculosis 
twenty-five years before, around 1890), that is 150, 168 and 160 per cent 
of the lowest figure in 1913. In England and Wales the increase was 
not so great by far. However, the highest point in 1918 reached 124 


per cent of the original figure in 1913. But in 1919, immediately after 
the end of the war, in England the recovery from the World War priva- 
tions began to show itself; the mortality from tuberculosis was then 95 


TABLE 3B 
Index numbers: Mortality in 1913, respectively year of lowest mortality before the War = 100 


ENGLAND 
AND WALES 


1913 = 100 


PRUSSIA 


1913 = 100 


NETHER- 
LANDS 


1914 = 100 


BELGIUM 


1913 = 100 


ITALY 


1914 = 100 


AUSTRIA 


1914 = 100 


UNITED 
STATES 
REGISTRA- 
TION AREA 
1916 = 100 


JAPAN 


1911 = 100 


1911 


109 


110 


112 


108 


119 


112 


100 


106 
101 
102 
103 
107 
108 
122 
114 
108 
103 
105 

91 

93 

94 


101 
100 
101 
113 
113 
119 
124 
95 
84 
84 
83 
79 
79 
77 


107 
100 
101 
107 
115 
150 
168 
160 
115 

99 
104 
112 

89 

80 


103 
101 


103 
103 


106 
104 
104 
103 
100 
104 
106 
89 
80 
70 
68 
66 
63 
61 


1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 


® Present territory. 


per cent of that in 1913. In Prussia as late as 1920 it still amounted to 
115 per cent, and only by 1921 was the figure about the same as in 1913. 
A slighter increase again is shown in the years of inflation 1922-1923 
in Prussia, not so great as during the war, but very distinct in 1923 with 
112 per cent of the index value. After the stabilizing of German cur- 
rency in November, 1923 (introduction of the Rentenmark) the tuber- 
culosis figure for the first time fell decisively below the level of 1913, 
amounting in 1924 and 1925 to only 89 and 80 per cent of the former, and 
dropped further in the following years. The differences between the 
course of tuberculosis in England and Prussia are shown best by chart 1. 


| | | | 
| | 100 | 
| | 100 | | 
| | 100 105 100 100 | 
| 104 i11 109 | 126 | | 
| | | 120 | 126 114 | 151 | 
| | | | 179 | 421 | 169 | 
| 146 | 208 | 144 | 157 | 
| | 125 | 122 | 119 1415 | | 
| | 105 97 | 110 | 111" | | 
| | | 93 98 104 | 
| | 81 | 94 97. | 90 | | 
| 75 90 | 99 | 80 | | : 
| | 76 | 87 | 1068 | 728 | 
| | 71 | 85 | 103 | 67 | | 
l 
[ 
L 
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A similar picture is shown for Belgium and the Netherlands in chart 2. 
However, some differences are striking. In Belgium, occupied by the 
German troops immediately after the outbreak of the war, tuberculosis 
mortality began to rise distinctly as early as 1914, the death rate increased 
from 118 per 100,000 in 1913 to 124 in 1914, which equals 105 per cent of 
the former figure. In the following years, 1915 and 1916, the mortality 
continued to rise slowly, reaching 111 and 126 per cent of the figure in 
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Cuart 1. Tuberculosis mortality in Prussia (broken line) and England and Wales (solid 
line) from 1911 to 1925 inclusive. 


1913. In the next two years of war distress, 1917 and 1918, there was 
in Belgium the enormous increase to 211 and 245 deaths from tuberculosis 
per 100,000, that is, 179 and 208 per cent of the death rate in 1913. 
This peak of the curve, as to the death rate as well as to the percentage 
increase, was even higher than in Prussia at the same time. In the 
following year, 1919, the mortality figure fell sharply in Belgium, freed 
of occupation and the first wave of the influenza pandemic, from 245 
to 144 deaths per 100,000 or from 208 to 122 per cent of the prewar level, 
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while in Prussia the war privations still lasted in that year, and, hence. 
tuberculosis mortality remained almost as high as in 1918. 

We may recognize again how closely this mortality figure reacts tc 
favorable or unfavorable environmental factors. However, the sudden 
sharp drop may have something to do with the influenza epidemic that 
had its climax in 1918 and probably anticipated deaths from tuberculosis. 
too, which otherwise would have occurred in a later year. This may 
explain the very large decline from 1918 to 1919 and 1920, which was a 
world-wide phenomenon, observed, for instance, also in the United States. 
The Netherlands, though not directly implicated in the war distresses, 
but of course indirectly participant throughout the war times in the 
general deterioration of economic status as most European countries 
were, gives another example for the sensitiveness of that figure to external 
conditions. In 1914, there was in the Netherlands still a small decrease, 
in 1915 a slight increase, of tuberculosis mortality. This increase 
becomes very distinct in the following years, 1916, 1917 and 1918, with 
120, 131 and 146 per cent of the death rate of 1914. Of course, the 
peak is not so high as in Prussia and neighboring Belgium but much 
more emphasized than in England. It is of interest, too, that in 1919 
the mortality figure in the Netherlands was still higher than in Belgium. 
An explanation is difficult; it may be that after the end of the Great War 
the help from abroad was especially concentrated in behalf of heavily 
damaged Belgium, or it may be that the death records in that year were 
not complete since many sick persons were probably sent for recovery 
into foreign sanatoria. However, it must be kept in mind that tuber- 
culosis mortality before the war was distinctly higher in the Netherlands 
than in Belgium (see table 3). In 1921, for the first time, was the per- 
centage decrease sharper in the Netherlands, and at present the level of 
the tuberculosis mortality is even lower than in Belgium. 

Again another picture is presented by Austria and Italy (see chart 3), 
similar in tendency and yet quite different in detail. The reason for 
that is, in the first place, that tuberculosis mortality in Austria was 
already unusually high before the war, occasionally almost twice as 
high as in Italy (in 1912 the level was 283 deaths per 100,000 living, in 
comparison with only 149 in Italy). This tendency became more and 
more striking during the war when the mortality figures in Austria rose 
to 322, 387 and 432 in 1915, 1916 and 1917; that is, in every year more 
than twice the corresponding death rates in Italy (158, 166 and 175 per 
100,000). In Italy the increase was slower, due to later entrance into 
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the World War but became very distinct in the later years, especially 
in 1918 when Italy had a death rate of 209 which equals 144 per cent 
of the figure in 1914. In the old Danube monarchy, then perfectly ex- 
hausted, tuberculosis began to fall a little, but was still in the year 1918, 
with 403 deaths per 100,000, almost twice as high as in Italy. 

It would be difficult to find in present times, only twenty years later, 
any country in the world with reliable causes of death statistics, having 
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Cuart 2. Tuberculosis mortality in the Netherlands (solid line) and Belgium (broken 
line) from 1911 to 1925 inclusive. 


as a whole a similar tuberculosis death rate. Perhaps the colored popula- 
tion in some states of the United States, but not in all, shows as high a 
tuberculosis mortality. This will be shown later on. After 1919, in 
Austria more than in Italy, the figures fell rather rapidly and approached 
each other more and more, amounting in 1925 in Italy to 150, in Austria 
to 171 deaths from tuberculosis per 100,000. However, it must be 
mentioned that the boundaries of the two countries have changed very 
much. Austria lost the largest part of its inhabitants, among them a 
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good many with high tuberculosis incidence, such as, for instance, Tyrol, 
that now belongs to Italy. Furthermore, it is of interest that despite 
the high level of tuberculosis mortality in Austria and the impressive 
rise during the war, as shown best by chart 3, the percentage increase 
was not nearly so great as in Belgium. It corresponds more to that in 
Germany (Prussia) as the index numbers in table 3 make clear. 

Now we come to the last graph, the trend of tuberculosis mortality in 
the United States and Japan (chart 4), and here we draw near to the 
special problem of this investigation. Without question, the peak of 
these curves is not so impressive as in the former cases, but perhaps not 
of less importance in the epidemiological sense. The United States 
entered the World War in 1917, after the announcement of unrestricted 
submarine warfare by the German government in January, 1917. In 
the same year the downward trend of tuberculosis mortality changed 
direction for the first time. The rise in 1917 was not very high, or 
comparable with the high peak in the belligerent countries in Europe, 
yet distinctly significant. In 1916, 1917 and 1918 the mortality figures 
were 142, 147 and 150 per 100,000, that is, in 1917 and 1918 equal to 
104 and 105 per cent of the lowest death rate in 1916. In the following 
year, 1919, mortality from tuberculosis fell sharply to 126 per 100,000, 
or 89 per cent of the original figure, and continued to fall without any 
interruption, and more rapidly than in the European countries com- 
pared, as the index numbers in table 3 show. In 1925 tuberculosis 
mortality amounted in the United States Registration Area to 87 per 
100,000, or 61 per cent of that in 1916; a lower death rate than in any Eu- 
ropean countries in that year and a more decisive decline too from the 
initial figures in the respective countries. For the percentage decrease 
amounted in the United States to 39, in England and Prussia to only 
23 and 20, respectively, in the Netherlands and Belgium to only 29 and 
15 per cent since the beginning of the war times. ‘This progress con- 
tinued very distinctly in the following years. Ten years later, in 1935, 
the death rate from tuberculosis in the United States was only 55 per 
cent per 100,000 of the estimated population, or 39 per cent of the figure 
in 1916; in the short period of twenty years, a decrease of 61 per cent 
below the war level had occurred. 

Only a few words on Japan’s tuberculosis mortality, shown in the 
same graph, are needed to complete the picture (chart 4). The striking 
difference between the two countries is illustrated best by the curves. 
In Japan there was a very high tuberculosis mortality during the whole 
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period, without any important decline after the World War. This is 
in very significant contrast with almost all countries of Western civiliza- 
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Cuart 3. Tuberculosis mortality in Austria and Italy from 1911 to 1925 inclusive 


tion. As late as 1925 the death rate from tuberculosis was in Japan 
194 per 100,000; that is, more than double the figure for the United 


HH 
z 
= 
an 
| 
| 


TUBERCULOSIS AND INDUSTRIALIZATION ' 13 


States (87) and a decrease of only 6 per cent of the lowest prewar figure 
in Japan, 207 in 1911. The Japanese tuberculosis curve shows likewise 
a rise during the World War most distinct in 1918, with a death rate of 
263, or 122 per cent of the figure in 1911. But it is not quite certain if 
this increase is really connected with the general World War deficiency 
because the trend is not clear enough. Japan’s tuberculosis mortality 
showed waves also before and after the war, although much smaller, 
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Cuart 4. Tuberculosis mortality in the United States Registration Area (solid line) and 
Japan (broken line) from 1911 to 1925. 


such as in 1912 with a mortality figure of 219 and again in 1922 with 218 
deaths per 100,000 (106 and 105 per cent of the 1911 figure). It may be 
reasonable to assume that in Japan and in the United States, too, the 
sudden increase in 1917 and the immediate fall in the subsequent years 
had something to do with the influenza epidemic. This we shall discuss 
in a later investigation when dealing with the single states of the United 
States in greater detail. 

Some authors have tried to explain the sharp decline of tuberculosis 
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after the war, especially in Germany and Austria, as a consequence of 
the dying out of many thousands of open tuberculosis cases during the 
hunger years of the World War. Thus the possibilities of new infections 
should have been very much reduced. That is certainly true and in 
accord with the influenza pandemic as another agent accelerating the 
dying out of the open tuberculous, but even this explanation is not 
sufficient as shown by the new increase in Germany during the following 
tragic years of the inflation, 1922 and 1923. Anyway the decline is 
probably not so much caused by a natural selection in the general sense 
of survival of the fittest as rather by the direct removal of the sources 
of infection, that is, of the open tuberculous from their families. This 
is, of course, the proper end of our modern campaign against tuberculosis 
and is, indeed, to be achieved by different ways. In this campaign, the 
influenza pandemic may have helped as a superior phenomenon. The 
interpretation, however, as a mere kind of natural selection is too simple 
to clarify the world phenomenon of the decline of tuberculosis mortality 
which took place in the past for about half a century. 

Other authors support the view that a somewhat larger ‘“‘tuberculini- 
zation”—a rather bad expression—of the bulk of the people, like a 
natural immunization against the tuberculosis bacilli, has been the 
most important factor in the reduction of tuberculosis mortality. This 
theory of a general saturation with tuberculosis, too, more speculation 
on immunity, approaching our experiences with some acute infectious 
diseases, such as smallpox or measles, does not rest upon any very solid 
basis of facts and figures. Even our mortality figures above make plain 
that this supposed immunity or “tuberculinization” was rather weak, at 
least in the years of malnutrition. Thus it is of no practical value at 
all. This is shown furthermore by the well known fact that tuberculosis 
as a fatal disease in general is much more wide-spread in densely popu- 
lated quarters of large cities such as London, Paris and Berlin (Greenwood 
and Wolff (1)) or in New York (Dublin (2)) than in the more sparsely 
populated parts where the better classes live. ‘“Tuberculinization”’ 
should be more efficacious in the densely populated districts if it be of 
any value. Another question derived from our epidemiological feature 
is, why should tuberculosis mortality be so extremely high in Japan 
after a long period of “‘tuberculinization”? Without question, the 
Japanese are a very old folk on their own ground, much older than the 
population of the United States, and much more densely populated too. 
In spite of that, “tuberculinization” has failed absolutely, for tuber- 
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culosis mortality is much higher than in the whole of the United States— 
at least twice as high. Is, then, race or climate responsible? 

We shall come back to these questions after having discussed further 
some figures and epidemiological facts, especially in connection with 
industrialization. However, one fact is certain, made manifest by 
statistics before, during and after the World War. Tuberculosis is an 
epidemic disease, very sensitive to external factors, and therefore can 
flare up at any time when conditions of living become worse. That is 
a very important difference between it and cancer, nephritis and heart 
diseases, and a warning too. The involuntary mass experiment during 
the Great War in the different countries, as shown by statistics freed of 
chance errors, is in the field of tuberculosis epidemiology of greater 
importance than endless theories and laboratory experiments on the 
immunology of tuberculosis. For these statistics give an account of 
tuberculosis as a mass phenomenon in human society and show with 
decisive clearness that beyond specific factors, hereditary and climatic 
factors, the social influences of our surroundings are of still greater im- 
portance in the spread of the disease. One cannot really doubt that 
external factors, in particular the lack of sufficient energy value in the 
national diet of the people, together, of course, with other deteriorations, 
physical and perhaps psychical too, of the social environment and na- 
tional life have been decisive factors. Neither bacillus, nor climatic 
conditions, nor hereditary factors affecting the different peoples in the 
World War differed essentially from those of preceding and succeeding 
years, and we may have again to watch what will happen with tuber- 
culosis after the new European conflict has broken out. Maybe it will 
tell us a new story. 

After these general epidemiological remarks on tuberculosis we come 
to the special matter of this investigation, tuberculosis mortality and 
industrialization in the United States, and, as far as statistics are avail- 
able, in the states of Europe and other parts of the world (3). Again 
we shall be backed by figures to draw some conclusions in regard to the 
aetiological factors of tuberculosis epidemiology. 


TUBERCULOSIS MORTALITY IN AGRARIAN AND INDUSTRIAL STATES 


1. World figures: Before discussing the peculiarities of tuberculosis 
mortality in the United States some demographic data of importance 
should precede. It is not possible and not the intention of this epidemi- 
ological investigation to go into finer sociological and economic details 
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regarding the United States. But a few statistical data on demography 
and economics in comparison with some other representative states of 
the world may serve asa guide. These are presented in table 4. 

The absolute figures for whole populations and occupied persons give 
some insight into the manpower of the single states. The population 


TABLE 4 
Total population and gainfully occupied persons in the populationt 


TOTAL POPULATION GAINFULLY OCCUPIED GAINFULLY OCCUPIED 


Fe- 
Male Total 


In per cent of the 
corresponding 
population 


1930 |62, 137/60, 638|122, 775/38 ,078|10, 752/48, 830| 61.3] 17.7| 39.7 
1920 8, 550/41 , 615 61.3 16.5} 39.4 
1933 |31,686|33,533, 65.7) 34.2) 49.5 
1931 |19,912/21, 317) 41,229|13,712| 7,900/21,612| 68.9| 37.1| 52.4 
1931 |21,458|23,337| 44,795|14,790| 6,265!21,055| 68.9| 26.8] 47.0 
1931 |20,133/21,044| 41,177|13,359| 3,904/17,263| 66.3) 18.5) 41.9 
1930 | 3,943] 3,993] 7,936] 2,418] 3,186] 61.3/ 19.2| 40.1 
1921 |12,417|13,278| 25,695] 7,488] 5,987/13,475| 60.3| 45.1] 52.4 
Russia (USSR)... ..| 1926 |71,043/75, 985/147 , 028/45 218/39, 140/84, 358| 63.6] 51.5| 57.4 
Sweden 1930 | 3,021) 3,121) 6,142] 1,997| 896] 2,892/ 66.1) 28.7| 47.1 
1920 |10,373|11,017| 21,390] 6,930) 1,032| 7,962] 66.8) 9.4) 37.2 
Czechoslovakia.....| 1930 | 7,143] 7,586] 14,729] 4,681] 2,320] 7,001| 65.5| 30.6] 47.5 
Austria 1934 | 3,248] 3,512| 6,760] 2,101/ 1,070| 3,170] 64.7| 30.5| 46. 
1930 | 4,250] 4,438] 8,688] 2,835} 3,828] 66.7| 22.4 
1930 |32,295|31,772| 64,067/19,090/10, 131/29, 59.1| 31.9 
1921 | 4,530] 4,259} 8,789] 2,683] 490] 3,173] 59.2/ 11.5 
1921 | 2,763| 2,673| 5,436] 1,840| 2,296| 66.6! 17.1 
1926 | 686] 658) 1,344) 439! 113] 552] 63.9) 17.2 


1926 857| 820) 1,677) 498 589) 58.1) 11.1 


¢ The figures for occupied persons = employed and unemployed. Cf. International 
Reviews in Statistisches Jahrbuch fiir das Deutsche Reich, 1936, p. 35. In all population 
figures 000 is omitted; that is, the population figures are in thousands. 

* White population only. 


figure for the United States is surpassed only by Russia (European and 
Asiatic together). The differences in the years of the census should 
be kept in mind. But taking the occupied persons alone we see in 
Russia by far a larger number than in the United States, especially due 
to the very high number of occupied women, as the percentage figures 
show best. The percentage of occupied in the female population was 


CUNTR 8 YEAR OF 
Male = Total Male | Total 
Union of South — 
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in Russia 51.5 in 1926, the highest for all countries of the table. In 
the United States the corresponding figure was only 17.7 in 1930. While 
in most countries the percentages of the occupied males—they are 
usually much higher than those of the females—differ only in a small 
degree around 60 per cent, the fluctuations are very large in the female 
occupied groups. It may be noted that, apart from Spain, the per- 
centages for the female sex are lowest in South Africa, Canada, Australia, 
New Zealand and the United States. It amounted in the United States 
(last census) to 17.7 per cent, immediately followed by Italy and the 
Netherlands, while in Great Britain, Japan, Germany and France the 
female occupied percentage is far higher; it totaled in Germany and 
France 34.2 and 37.1 per cent, which is double that in the United States. 
Still higher are these percentages in Poland and Russia. It will not be 
the purpose of this investigation to find out the reasons for these large 
differences in the participation of the female population in working life; 
variations in the age structure can play only a minor réle. In any case 
the facts may be noted. They are perhaps not without importance for 
the mortality differences, especially in the female sex. 

A better insight into the economic character of the countries is given 
in table 5 showing the percentages of the occupied persons by general 
divisions of occupations (agriculture, forestry and fishing; mining and 
industry; trade and communication, etc.). We may content ourselves 
here with the percentage figures following the data given in the Inter- 
national part of the Statistische Jahrbiicher fiir das Deutsche Reich that 
publishes these data from year to year. The figures of the single coun- 
tries are adapted for better comparison in the general divisions to this 
scheme of occupational statistics. 

Table 5 shows that in all countries the three groups of occupations, 
agriculture and forestry, industry and mining, trade and transportation 
(columns 3, 4,5) are much the largest. The table gives a rather objective 
picture of the extent to which agricultural or industrial activities are 
predominant in the population. 

Some words are needed as to modern industrialization in connection 
with the spread of tuberculosis. Of course, in view of the modern devel- 
opment of industries in almost all civilized countries, no rigid classification 
is practicable. There are no such things as purely industrial or purely 
agrarian states; nevertheless, contrasts do clearly emerge from the 
official data as given in table 5. For example, we find that in Great 
Britain, according to the last census of 1931, only 6.7 per cent of every 
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TABLE 5 
Occupied persons by general divisions of occupations in different countries 


OF EVERY 100 EMPLOYED AND UNEMPLOYED THERE WERE 
ENUMERATED IN: 
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| | per- | Total 

sonal 

service 
1 2 | 3 4 | 5 | 9 
; {| 1930 | 22.0 | 35.2 | 27.4 100.0 
ee 1920 | 26.7 | 39.4 21.3 | 100.0 
1933 | 28.9 | 40.4 | 18.4 100.0 
1925 | 30.5 | 42.1 | 16.2 100.0 
1920 | 19.3 | 48.9 | 18.3 | 100.0 
1926 | 80.9 | 10.1 4.1 | 100.0 
1930 | 35.0 | 28.1 | 18.4 | 100.0 
1922 | | 19.7] 6.1 | 100.0 
1930 | 649% | 22.0] 7.5 | 100.0 
1928 | 53MM | 28.1 | 11.7 100.0 
1931 49.9 | 27.7 | 100.0 
1931 49.9 | 27.8 | 100.0 
1931 | 49-6 26.8 100.0 
1926 | 2 43.7 | 18.2 100.0 
Irish Free State...............| 1926 | 5 | 17.6 15.2 100.0 
15.0| 7.4 | 100.0 
1923 8.7] 3.3 100.0 
39.3 | 23.4 100.0 
Norway.....................-| 1930 | 359 | 26.5 | 21.2 100.0 
| | 56-9 | 16.2 $08.6 
1923 | 399M | 33.6 | 15.4 100.0 
aan 1930 | 53MM | 23.8 | 10.1 100.0 
Russia (USSR)...............| 1926 | 85 8.9] 2.9 | 100.0 
33.3 | | 100.0 
Switzerland..................| 1930 | 219M | 44.9 | 18.3 | | 100.0 
Spain. 1920 | 579M | 24.6 | 8.1 | 
100.0 
Union of South Africat.........| 1926 | 30 Pe 27.7 | 100.0 
34.2 | 2:2 | 100.0 
| 100.0 
New Zealand.................| 1926 | | 100.0 
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100 occupied persons were engaged in agriculture and forestry, but 49.9 
in industry and mining and a further 27.7 in trade and communication. 
But in France in 1931 the corresponding figures were 35.7 in agriculture 
and forestry, 35.1 in industry and mining, and 16.5 in trade and transport. 
In Japan in 1930 the corresponding figures were 50.3, 19.7 and 20.2, 
and in such a vast country as Russia in the last census of 1926, 85.0 
per cent were alleged to be engaged in agriculture, and only 8.9 and 
2.9 per cent, respectively, in the other groups. It is then permissible 
to speak of the agricultural type of state and of the industrial type. Fur- 
ther details for other countries of the world are given in table 5 as far 
as occupational censuses are available. 

A few words may be added as to the United States in comparison 
with Germany. We give the data for the last census of both at the 
head of the table. There is a striking similarity in the distribution of 
the occupational groups. Let us take the last census figures, in the 
United States as of 1930 and in Germany as of 1933. (The corresponding 
data for the former census are also given in table 5.) Then we have 
in the United States in the three main groups, the percentages: 22.0 
(agriculture, etc.), 35.2 (industry, etc.) and 27.4 (trade, etc.); in Germany 
the corresponding percentages are 28.9, 40.4 and 18.4. The proportions 
were somewhat higher for agriculture and industry in Germany, but in 
the same degree lower in trade. Also in the smaller groups the pro- 
portions are very similar. There were only 0.3 per cent engaged in 
military service in the United States, in Germany 0.4 per cent, while 
in Belgium 2.1, in France 1.9 and in England and Wales 0.9 per cent. 
Of course, the small proportion in military service has changed in Ger- 
many since 1933 when the Hitler government came into power. Still, 
in general, we may conclude from the occupational statistics that the 
United States as well as Germany represents the mixed type of agri- 
cultural and industrial state organization most fit for self-sufficiency. 
But there is no question that the natural resources of the United States 
are enormously larger than in densely populated Germany. A similar 
type is represented by France, which, however, tends somewhat more 
toward the agricultural side. Further details on the different states 
are illustrated by tabular summaries. 

Now let us arrange in table 6, for easier comparison, the countries in 
order of the proportions of persons engaged in agriculture beginning 
with the lowest percentage for agricultural occupation in England and 
Wales. Then we put in table 6 the mortality rates from tuberculosis, 
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as far as they are available for the quinquennium 1926-1930, to be cor- 
related with the occupational groups. 


TABLE 6 


Agricultural and industrial occupations in comparison with tuberculosis mortality 


all over the world 


COUNTRIES IN ASCENDING ORDER 
OF AGRICULTURE OCCUPATION 


PERCENTAGES OF OCCUPIED PERSONS (COMPARE 
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| 
| 2 == | i 6 7 
ie 1931 9 | 77.6 | 94 
ee 6 | 76.4 95 
1 67.2 95 
Netherlands.............| 1930 2 3 | 87 
Switzerland.............| 1930 2 9 139 
United States............| 1930 2 2 79 
2 1 53 
New 2 0 45 
North Ireland...........} 1926 26.5 7 132 
28.9 4 89 
Union of South Africa*....} 1926 30.2 1 49 
31.7 9 158 
eee 35.0 1 76 
35.7 35.1 166 
35.8 26.5 155 
Sweden. 1930 36.0 32.3 131 
Czechoslovakia..........} 1930 38.3 37.4 | 189 
47.3 29.6 | 127 
Ea 50.3 19.7 191 
Irish Free State..........| 1926 51.8 17.6 135 
53.1 23.8 225 
53.7 28.1 167 
amen 1920 57.0 24.6 140 
64.6 22.0 241 
65.8 19.7 232 
69.5 15.0 ? 
76.2 11.2 ? 
ere 79.4 | 8.7 145 
80.9 10.1 ? 
81.6 7.9 ? 
Russia (USSR)..........| 1926 85.0 8.9 ? 
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The last column of table 6 shows the rate of mortality from tuberculosis 
per 100,000 persons, mostly in the quinquennium 1926-1930, near to the 
last occupational census in the different countries. A quinquennial 
group has been chosen to diminish the fluctuations attributable to the 
factor of chance, particularly as the size of the different countries is 
enormously different. Of course, the material sources of error in inter- 
national comparisons, mostly in connection with medical education, 
exactness of diagnosis in the death certificates, and statistical working 
up, cannot be removed. Our list covers thirty-two countries from all 
parts of the world, yet it is regrettable that five of them, namely Latvia, 
Poland, Bulgaria, Turkey and Russia, do not give any reports of tuber- 
culosis mortality and causes of deaths at all, for the countries as a whole. 
There are only a few records of the larger cities. On the other hand there 
are some countries, for example, Chile, Uruguay and Roumania, not 
listed in table 6. They give nowadays figures on causes of death—tuber- 
culosis mortality is rather high in all three—but do not publish any 
occupational census statistics. Finally, for a good part of the world 
population a reliable report for both items is lacking, as for example, in 
Brazil and most of South America, British India, not to speak of China 
and Africa. 

If we now, having in mind the inherent defects of the available data, 
look at the remaining twenty-seven states of our list arranged in order of 
agricultural occupation, we must state that on the average the mortality 
figures in the industrialized countries such as Great Britain, Belgium, 
United States, the Netherlands, Australia, New Zealand and Germany 
are by far lower than in the more or less agricultural states such as France, 
Hungary, Finland, Esthonia and Japan. All the countries that show 
in the quinquennium 1926-1930 mortality rates less than 100 per 100,000 
persons belong, as a glance at table 6 makes clear, to the group of in- 
dustrialized states, if the proportion of persons engaged in industry and 
mining, trade and transportation may be taken as a reasonably reliable 
index of industrialization. For Europe, the lowest mortality figure from 
tuberculosis has been found for a long time in Denmark, with 76 per 
100,000 in the period under discussion. Even that small country, 
although tending to the agrarian type and corresponding exactly to the 
vast and sparsely populated Canada, with a proportion of 35 per cent 
of its population engaged in agricultural pursuits, still has a total of 
46.5 per cent in industrial occupations. It is especially to be kept in 
mind that a quarter of the Danish population is concentrated in Copen- 
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hagen, a city of about 850,000 inhabitants at present (that is, as large 
as Baltimore). Therefore, the proportion of urban population in Den- 
mark is higher than that in any other country; much higher than in 
Norway and Sweden, both of which have a relatively high tuberculosis 
mortality, 155 and 131 per 100,000 in the same quinquennium. Still 
lower are the mortality figures in New Zealand with 45 and in Australia 
with 53 deaths from tuberculosis per 100,000; almost as low as in Den- 
mark are the rates in the United States and in Canada with 79 for each; 
while the most industrialized countries of the world, England and Wales, 
Scotland and Belgium, show somewhat higher rates, at present with 94 
and 95 deaths per 100,000, yet by far under the average mortality. Itis 
further remarkable that industrialized North Ireland as well as the 
preponderantly agrarian Irish Free State have a much higher death rate 
from tuberculosis, with 132 and 135 per 100,000 population. These 
differences in the states of Great Britain are particularly striking, as 
here differences of the climate can hardly play a réle. Perhaps a racial 
factor enters. The different economic development of the three coun- 
tries will probably play a greater part. 

But, of course, there is no rigid simplification possible in the epidemiol- 
ogy of tuberculosis; there is no abstract or mathematical law that says 
that with increasing industrialization tuberculosis mortality must fall. 
The industrialization index is taken only as an index of general economic 
development, with all the advantages and disadvantages in civilization 
and standard of living, in hygienic education, preventive medicine and 
birth control, in factory injuries and protection of the mass of the work- 
ing people. There are, indeed, some striking exceptions to the general 
rule. We have already spoken of both Irelands with a relatively high 
tuberculosis mortality. Still more striking is the high tuberculosis 
death rate in Switzerland with 139 per 100,000. According to the oc- 
cupational census of 1930, Switzerland must be reckoned as an industrial 
state. With 63.2 per cent industrialized population, including trade, 
transport and hotel service, it ranks even before the United States— 
likewise before Australia and New Zealand which have far lower figures 
of mortality. Germany, too, with a death rate from tuberculosis of 89 
per 100,000 comes off far better. What the reason for the higher tuber- 
culosis mortality in Switzerland may be is not quite clear. Swiss vital 
statistics are well known as reliable, perhaps the best in the world, 
partly due to the confidential death certificate used, and partly due to 
the fact that mortality rates—unlike those of many countries—are 
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corrected for locality. That is to say, in the case of persons dying away 
from their homes, the deaths are transferred to place of habitual residence. 
That is particularly important as many foreign people live in Switzerland 
to seek health in the fresh air and climate of the mountains. Sanatoria 
in the Swiss mountains, such as in Davos, Arosa and Leysin are world 
famous; but, no doubt, the standard of living of the native Swiss popula- 
tion and of the working classes is not very high—not comparable with 
that of wealthy sanatorium patients. That may be one of the reasons 
and may apply in the same way to the Bavarian and Austrian highlands; 
for in all three populations which live healthily by customary standards, 
tuberculosis mortality is rather high. For instance, we see from table 6 
that in Austria the death rate from tuberculosis in 1926-1930 was 158 
per 100,000 persons, a rate which is even higher than that in Switzerland, 
and double that of the entire United States, white and colored populations 
together. However, the decrease of tuberculosis in Switzerland and 
Austria was as significant as in most countries of the world, although the 
level of the mortality figure is still high. 

An exception on the other side is afforded by Italy which shows a 
relatively low mortality figure from tuberculosis, 127 per 100,000, in a 
rather agrarian population, yet much higher than in the above mentioned 
industrial states. ‘The mildness of the southern climate may be of some 
importance but cannot be an adequate explanation because in northern 
Denmark and Canada an even more favorable tuberculosis figure is 
evident. 

If we finally look at the predominantly agrarian states we shall find 
the highest figures of tuberculosis mortality of all (Hungary with 225, 
Esthonia with 232, and Finland with 241 deaths per 100,000 in 1926- 
1930). In Japan, too, which must be reckoned as predominantly 
agrarian according to the occupational census of 1930 (50.3 per cent 
of occupied persons engaged in agriculture and forestry, 19.7 in industry 
and mining, 20.2 in trade and transport) tuberculosis mortality was 
rather high with 191 deaths per 100,000. In Japan, the industrial] 
development is of a relatively recent date, wages are known to be very 
low, the bulk of the people not yet having the advantages of industriali- 
zation, that is to say of the general rise in standard of living, but only 
the disadvantages and injuries which factory labor always causes to 
public health. Up to the present there is little indication of an improve- 
ment, for the rate of mortality from tuberculosis in Japan during 1906- 
1910 was 202, in 1921-1925, 203, and in 1926-1930 still 191 per 100,000. 
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Japan is almost the only country where statistics do not show an evident 
decrease of tuberculosis mortality since the turn of the century. 

If we now work out correlation coefficients between tuberculosis mor- 
tality and the different occupational groups, in the remaining twenty- 
seven states with sufficient data on tuberculosis as well as occupation, 
we obtain the values shown in table 7. 


TABLE 7 
A 
Correlation between tuberculosis mortality and industrialization in 27 co-:ntries of the world 
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VALUES FOR 27 COUNTRIES 


PERCENTAGE OF PERSONS ENGAGED IN 


Agriculture 
and forestry 


Industry 


Industry and 
mining + trade 
an 
transportation 
(index of indus- 
trialization) 


TUBERCULOSIS 
MORTALITY 
PER 100,000 

PERSONS, 
1926-1930 


Standard deviation 
Coefficient of variation 


49.8 
15.3 
30.8 


129.7 
53.7 
41.4 


Coefficient of correlation between 
tuberculosis mortality and desig- 
nated occupations 


+.67 +.107 


— .39 +.163|— .62 +.119 


B 
Correlation between tuberculosis mortality and industrialization in Europe 
before and after the World War 


CORRELATION COEFFICIENT 
BETWEEN DEATH RATE FROM | 


TIME AND SIZE OF INVESTIGATION TUBERCULOSIS AND INDEX 


OF INDUSTRIALIZATION 


Greenwood and Wolff* 
Wolfft 


r = —0.647 +0.105 
r = —0.766 +0.095 


1906-1910, 14 states of Europe .... 
1921-1925, 19 states of Europe .... 


* M. Greenwood and G. Wolff: Einige methodologisch-statistische Studien zur Epidemio- 
logie der Tuberkulose, Ztschr. f. Tuberk., 1928, 52, 92. 
t G. Wolff: Tuberculosis mortality as an index of hygienic control, Am. Rev. Tuberc 


1936, 34, 734. 


The results shown in table 7 are of particular interest and confirm 
exactly the findings of former investigations of European countries only. 
Because of the large variation in all the series the coefficients of variation 
are very high, especially in the agricultural range where the standard 
deviation is almost half the mean. The average percentage in agriculture 
and forestry (unweighted mean) totaled 37.1, in industry and mining, 
32.0, and of the index of industrialization 49.8, whereas the average 


=. 
| 
7.1 | 208 | 
17.5 | 10.3 | | 
| | 
SOURCE 


TUBERCULOSIS AND INDUSTRIALIZATION 25 


tuberculosis mortality for the twenty-seven countries amounted to 
129.7 per 100,000 population. Much more interesting are the values 
of the correlation coefficient 7 in the single series of variables. It amounts 
to +.67 between tuberculosis mortality and agricultural occupation, 
—.62 between tuberculosis mortality and index of industrialization. 
These are very similar and significant values, of course in the opposite 
direction. 

If we take the group industry and mining alone (without trade and 
transport) the correlation is not so high (r = —.39) but distinctly nega- 
tive. Perhaps just these differences may be of importance. Behind 
the arithmetical values of r that indicate an average rise of tuberculosis 
mortality with increasing agricultural occupation (or an average decline 
with increasing industrialization) in the different countries of the world 
naturally a whole series of factors may be hidden—the standard of living, 
level of hygienic instruction, school education, social insurance or other 
protection of workers, and also, acting in the opposite way, all the injuries 
due to factory labor, smoke, dust, alcoholism and so on. The difference 
in the correlation with tuberculosis mortality for the industrial and 
mining group alone (purely industrial occupation) and for this group in 
addition to trade and transport (index of industrialization) may have 
some special meaning in this connection. It may indicate that the 
industrial work in itself is not the main factor but rather the better dis- 
tribution of all goods arranged by means of trade and transportation which 
is the outstanding feature of modern industrial states. The development 
of both these groups, therefore, may be called the index of industrializa- 
tion to be distinguished from industrial occupation alone. No one 
who has any familiarity with industrial development during recent years 
will be content with such a facile explanation of the relation between 
mortality from tuberculosis and industrialization as that factory labor 
is healthier than agricultural labor, or that the inhalation of smoke and 
dust is a factor inhibitory to the development of tuberculosis. But it is 
not unreasonable to urge that the standard of living is mostly better in 
the industrial states than in the agrarian ones; better on the whole in 
the United States and England than in Japan and Russia. The increase 
in the general level of culture produced by compulsory education, the 
improvement in the measures of protection for workers, and the carrying 
out of numerous hygienic reforms are associated with industrialization 
and have indeed overcompensated the injuries which factory labor did 
to public health, in the beginning of industrial development. 
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Of course the diminution of tuberculosis mortality is not peculiar or 
restricted to either industrial or agricultural states. All that is contended 
and backed by the figures is that in an agrarian state the technical hy- 
gienic and educational developments, which cause on the average a 
diminution of tuberculosis mortality, develop more slowly than in an 
industrial state. If we could add to our correlation table mortality figures 
regarding Poland, Russia and the Balkan States there is no doubt that 
the correlational tendency would become still stronger. All of them 
are predominantly agrarian states and exhibit a rather high mortality 
from tuberculosis, according to special investigations of single large 
towns such as Warsaw, Moscow, Kiev, Sofia and Bucharest. 

Evidence similar to that presented by the international comparisons 
at the same period is afforded by a chronological comparison of tuber- 
culosis mortality in the same countries, so far as data are available. It 
will be seen that in the above cited industrial countries tuberculosis 
mortality has fallen by far the most, to a quarter or a third of what it was 
forty or fifty years ago. More exact figures are given for the period of 
1871-1875 to 1926-1930 in some former investigations which may be 
consulted for the actual rates and the percentages of decrease (3, 4). 

The secular trend of mortality in European states as a whole as well 
as in the United States of America, Canada, Australia and other countries 
of western civilization is unequivocally in favor of the industrialized 
states. But there is no contradiction between this result of comparative 
international statistics and the other well known fact that within the 
same states, that is, within approximately the same cultural and national 
conditions of life, mortality in agricultural districts as well as in agri- 
cultural occupations is mostly lower than in industrial districts or in 
special industrial occupations. This is well illustrated by the so far un- 
surpassed occupational statistics of England and Wales (5), the most 
recent available of which relate to the years 1921-1923, and the like by 
a newer investigation on death rates by occupation in ten selected states 
of the United States, relating to the census year 1930 (6). That isshown 
furthermore by earlier statistics for the industrial and agricultural areas 
within the highly industrialized states in general, in England and Ger- 
many as well asin the United States. What, in the writer’s opinion, this 
means is that when the general conditions of life and of public health 
administration are approximately equal in the same community, those 
engaged in agricultural occupations will always enjoy the advantage 
of working in the open air. It is when one compares the different coun- 
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tries that the influence of general culture and standard of living becomes 
manifest. In industrialized countries the agricultural laborer partakes 
of the successes of modern technical improvements in hygiene; in Den- 
mark, England and the United States he lives under very different con- 
ditions from those of Finland, Russia or Japan. Thus can be explained 
the seeming contradiction between individual medical experience and 
results of demographic statistics, which, after all, merely express the 
sum of this experience freed from chance fluctuations. 

The general trend of tuberculosis epidemiology in the immediate future 
all over the world will presumably depend primarily upon the national 
nutrition of the bulk of the people, if the experience from the World War 
may be relied upon. It is a singular result of social economic develop- 
ment that, in agrarian states which are the fundamental sources of pro- 
duction of food, national nutrition is on the average worse than in in- 
dustrial countries, and that hence tuberculosis mortality on the average 
is higher in agricultural states as a whole. 
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EXPERIMENTAL PULMONARY TUBERCULOSIS 
IN THE DOG"? 


Primary Infections 
MOORE A. MILLS, E. E. BARTH anp F. D. GUNN 


Despite nearly six decades of clinical and experimental observations 
in tuberculosis since the discovery of the aetiological agent by Koch, 
important hiatuses yet remain in our knowledge of its pathogenesis in 
man, accessory factors in the development of the disease, the meaning 
of “‘breakdown”’ of resistance and the mechanism by which assistance is 
rendered to the organism by certain therapeutic procedures, such as 
enforced rest in bed, controlled diet, collapse therapy and preventive 
inoculation with BCG. In recent years thousands of pages have been 
published about the importance of allergy, or lack of it, in the develop- 
ment of the primary lesion in human tuberculosis, in réinfection tuber- 
culosis and in the development of resistance to infection; yet in the 
minds of many unbiased workers none of these questions has been 
satisfactorily answered so far as the human subject is concerned. Most 
of the information at hand has been derived from experimental work on 
guinea pigs and rabbits, both differing greatly from man in their sus- 
ceptibility to tuberculous infection and in the nature of the morbid 
processes developing from such infection. 

Since no ideal animal is available for experimental studies it is remark- 
able that so little systematic work has been done upon animals that 
manifest a relatively high resistance to tuberculous infection, such as 
the readily available dog, rat and cat. Experiences with experimental 
pneumococcal pneumonia (1, 2, 3) have revealed that the ability of the 
dog and rat (and by inference man) to localize pneumococcal infections 
of the lung, following intrabronchial insufflation of virulent pneumococci, 
is dependent upon a highly reactive macrophagic system. Since the 
pulmonary macrophages play the principal réle also in tuberculous in- 


1From the Departments of Bacteriology, Radiology and Pathology, Northwestern Uni- 
versity Medical School, Chicago, Illinois. 
2 Aided by a grant from the Committee on Scientific Research of the American Medical 
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fection, it is not unreasonable to assume that those animals with a highly 
efficient macrophagic system and a high resistance to pneumococcal 
infections, comparable with that of man, would be more suitable sub- 
jects for experimental studies in pulmonary tuberculosis, particularly 
those related to pathogenesis and immunity, than are the highly sus- 
ceptible laboratory rodents. 

In 1908 Creighton (4) stated that “anyone looking at that rodent 
tuberculous tissue for the first time would hardly believe he was looking 
at tubercle at all; it is so unlike that we are accustomed to in the hu- 
man disease.” The reason for this is apparent. The rabbit and guinea 
pig are unable to localize infections resulting from the injection of even 
a few virulent tubercle bacilli (bovine type in the case of the rabbit) 
and such infections almost invariably lead to progressive and usually 
fatal disease. The same appears to be true generally of the monkey 
and chimpanzee but adequate knowledge derived from experimental 
infections with measured doses in the various species is lacking. The 
same is not true of tuberculous disease in man. Cobbett (5) in discuss- 
ing the influence of dose in experimental tuberculous infections, aptly 
says, ““Now we have just seen that man often successfully resists infec- 
tion with tubercle bacilli. He must therefore be regarded as a compara- 
tively resistant animal, and is probably in this respect on a par with the 
ox, and in no sense comparable to the animals which invariably succumb 
to the smallest possible doses. Therefore in attempting to arrive at a 
just estimation of the influence of dose in human tuberculosis it is to the 
comparatively resistant ox that we must go for experimental informa- 
tion, rather than to the highly susceptible rabbit, monkey or even the 
chimpanzee.” 

It is hardly necessary to enlarge upon this concept. The high per- 
centage of individuals who react positively to intracutaneous injec- 
tions of tuberculin, although clinically free from tuberculosis, and the 
large numbers of healed lesions, demonstrably of tuberculous origin, 
which are continually found in necropsies indicate that single or repeated 
infections often occur in man, run their course and heal, in most cases 
with so few overt symptoms that the disease never comes to the atten- 
tion of the clinician. 

The rare cases in which virulent tubercle bacilli of either human or 
bovine strains were injected into human subjects further bear out the 
fact that man possesses a high order of resistance to tuberculosis. Pre- 
déhl (6) briefly described several such instances in his review of 1888. 
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Among the earliest of recorded cases were those of Kortum (7) and Sal- 
made (8) who made many unsuccessful attempts to infect human beings 
with virulent tubercle bacilli. Baumgarten (9) relates the experiences 
of an unnamed clinician who inoculated his cancer patients subcutane- 
ously with virulent bovine bacilli but succeeded in producing only local 
reactions. Klemperer (10) inoculated himself under the skin of the left 
forearm with a filtrate containing virulent tubercle bacilli of bovine 
source, prepared from tuberculous lymph nodes and spleen from guinea 
pigs, and suffered only a transitory local inflammatory reaction at the 
site of injection and swelling of the left cubital lymph nodes. Ten 
months later, the remaining nodule was excised and showed well organ- 
ized granulation tissue with giant cells but no caseation. After trying 
it on himself he injected fourteen similar doses at twice weekly intervals 
into a doctor suffering from advanced tuberculosis and reported clinical 
improvement. Four other tuberculous patients were given a total of 
thirty-nine doses of viable bacilli of bovine type and all were said to 
improve generally and to gain weight following the treatment. Ab- 
scesses resulted four times and local induration several times but usually 
there were no ill effects whatever. He concluded that bovine type 
tubercle bacilli when injected subcutaneously were harmless. Gar- 
nault (11) also is said to have inoculated himself without harm. Méller 
(12) was inoculated intravenously with a small (one-fiftieth of a loopful) 
dose of a human strain, resulting in no febrile reaction and, with the 
exception of a loss of fifteen pounds of weight during a period of three 
months, no harmful results were observed. The same culture in the 
same dose killed one guinea pig and produced tuberculous lesions in 
another which was sacrificed. Previous to inoculating himself with 
virulent bacilli, Méller had attempted to immunize himself with blind- 
worm tubercle bacilli by subcutaneous and intravenous injection. Rit- 
ter and Vehling (13) observed that the inhalation of dry virulent bacilli 
of human strains by laboratory workers did not cause them to develop 
pulmonary tuberculosis. On the other hand, a few instances have been 
recorded in which the inoculation of especially large doses of moist 
cultures of tubercle bacilli have resulted in progressive and fatal disease. 
In the case referred to by Cornet (14), Tappeiner’s animal caretaker was 
accidentally exposed to a spray of virulent bacilli, became ill and died 
of tuberculosis. Lemierre and Ameuille (15) recently recorded the case 
of a twenty-nine year old doctor who, with suicidal intent, injected into 
his vein a living culture of bacilli of human type, containing about 2 
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mg. of microdrganisms. This was a case of reinfection since he had 
manifested symptoms of pulmonary tuberculosis for a few years and had 
previously reacted positively to cutaneous tuberculin tests. The man 
died after a febrile course of three months, showing radiographic evi- 
dence of miliary tuberculosis of the lungs by the twenty-second day 
after injection andsymptoms of meningitis in the terminal phase. The 
information derived from the Liibeck disaster does not add much to our 
knowledge regarding effective dosage in human subjects except that 
infants are readily infected by large doses of virulent tubercle bacilli 
of human type even by the intestinal route. Since the pseudovaccines 
responsible for the fatal infections were mixtures of virulent bacilli and 
BCG in undetermined proportions, the quantity of virulent culture 
received in the infected cases cannot be ascertained. In any case the 
dose was probably large, the virulent bacilli produced intestinal lesions, 
infected the mesenteric lymph nodes and ultimately became generalized. 
There was evidence of primary infection of the lungs in 15 of the 72 
fatal cases, indicating that a part of the fed material had been aspirated. 

The prevalent opinion that the dog is almost completely resistant 
to all except huge doses of virulent tubercle bacilli originated with the 
reports of experiments by earlier investigators. In their experiments the 
infectious material, often of unknown bacterial content, since much of 
the work antedated the discovery of the bacterial nature of the disease, 
usually was fed to the animals or injected under the skin and resulted 
in no demonstrable lesions or in local lesions which promptly healed. 
Creighton (4), writing in 1908, reflects this early opinion when he states 
that “cats and dogs are subject to spontaneous tubercle not infrequently 
but the experimental results are mostly negative, the successful experi- 
ments on dogs which are cited in the books being always those of one 
Italian laboratory.” 

Spontaneous tuberculous infection in the dog has often been reported 
but there are few bacteriological and pathological studies. The earliest 
description of the spontaneously occurring disease appears to have been 
that of Malin (16) in 1839 who described the case of two dogs belonging 
to a tuberculous woman. Both dogs died, one after the other, after eat- 
ing the sputum of their mistress and the postmortem lesions were de- 
scribed as suppurative tuberculous lesions of the lungs. Feldman (17), 
in reviewing the reported occurrence of tuberculosis in dogs, found that 
there were only 87 cases in which the type of the microdrganism was 
determined. Of these, 50 were of the human type, 33 of bovine type 
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and 4 atypical. In the figures reported, chiefly from the various veteri- 
nary hospitals of Europe, the highest incidence of spontaneous disease is 
reported in France, 0.44 to 9.11 per cent in different years and in dif- 
ferent institutions. The average incidence in Germany appears to be 
somewhat lower and in England and the United States still lower if 
we can depend upon the few isolated studies that have been reported 
(about 1 per cent in the Laboratory of Veterinary Pathology of the 
University of Pennsylvania (18)). There are no authentic cases of spon- 
taneous tuberculous infection in dogs caused by the avian type and, as 
has been demonstrated by Feldman (18, 19), Steiner (20) and others, the 
dog is highly resistant to infection by the avian bacillus by any except 
the highly artificial intracerebral route. 

The dog as well as other laboratory animals was used experimentally 
by the early investigators interested in elucidating the nature of tuber- 
culosis but was soon eliminated from the list of useful animals because 
of its high resistance to experimental infection by the methods used at 
that time. Villemin (21) in 1868 employed dogs among other species 
in establishing the infectious nature of tubercle. He successfully in- 
fected two dogs out of six inoculated by inserting caseous material from 
human subjects under the skin of the abdomen. He referred also to 
Roustan’s work (22), published a year before his own, in which are de- 
scribed successful attempts to transfer tuberculosis to dogs by the 
injection of infectious human material. Tappeiner (23), another inves- 
tigator whose experiments were published before those of Koch, fed tu- 
berculous sputum to dogs without success but his inhalation experiments 
were more successful. He ground up the sputum from phthisical 
patients, suspended it in distilled water and subjected the dogs to a 
spray for various periods each day for twenty-four to forty-five days. 
Eleven of 12 dogs developed tuberculous lesions, one as a caseous pneu- 
monia, the others as miliary nodules of the lungs. The kidneys also 
were usually involved, the liver and spleen less commonly. Evidence 
of infection was present after the third week. Koch (24) employed dogs 
as well as guinea pigs, rabbits and other animals for studying the patho- 
genicity of his recently isolated tubercle bacillus and confirmed the 
observation of previous workers that the dog was more resistant than 
most of the other animals used but that, while the lesions resulting from 
subcutaneous inoculation were localized and nonprogressive as a rule, 
infection by the intraperitoneal route was relatively easy and frequently 
progressed to fatal termination. Findel (25) found it to be much more 
difficult to infect dogs by feeding than by inhalation experiments. He 
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caused his animals to inhale small doses (0.41 to 0.465 mg.) of bacilli and 
they developed wide-spread gray nodules of the lungs in thirty to thirty- 
three days. His feeding experiments were not so successful even though 
he used as much as 172 mg. of bacilli in a dose. One dog had an old 
cavity with calcified capsule and two small calcareous nodules in its 
lung. The 5 dogs in this experiment were sacrificed in 101 to 158 days. 
Opie (26) in 1908 studied the effects of injections df leucocytes into the 
thoracic cavities of dogs, infected by intrapleural injection of virulent 
tubercle bacilli. He found that dogs were easily infected in this way 
and frequently died. The tuberculous process was inhibited somewhat 
by the injection of large numbers of leucocytes (polymorphonuclear and 
mononuclear cells in about equal numbers, obtained by the intrathoracic 
injection of turpentine in dogs). 

So far as we can trace the record, Lewis and Montgomery (27) in 
1913 were the first to use the direct intrabronchial method of introducing 
the inoculum into the lung of dogs. They used large doses (approxi- 
mately 10 mg. to 100 mg.) of bovine type cultures and observed the rapid 
development of the exudative type of tuberculous lesions. Softening 
occurred in the lesions between the seventeenth and twenty-fourth days, 
followed by evacuation into a bronchus and cavity formation. After 
three weeks a miliary tuberculosis of the unconsolidated portion of the 
lung and of the liver, spleen and kidneys was always found. The earliest 
lesions studied were ten days old. The bacilli rapidly increased in 
number and at the end of the third week they were extremely abun- 
dant. They were most numerous in the necrotic areas. The number 
of animals studied is not clear and the method of measuring the suspen- 
sions was not sufficiently precise for quantitative evaluation (10 cc. of 
suspension containing 100 mg. of culture, minus the coarser clumps that 
settled out of suspension). 

Cobbett (5) in his review of the literature up to 1917, including the 
experimental work of the British Royal Commission, appraised the 
results of attempts to infect dogs with tubercle bacilli and concluded 
that the route by which this animal is most easily infected and that by 
which it probably receives its natural infection in the majority of cases 
is through the air passages. Even in feeding experiments, accidents of 
deglutition may account for the pulmonary lesions which occasionally 
occur after feeding bacilli, in his opinion. The resistance of the dog to 
infection is inherent in the species for it is already present in young 
puppies, as observed by Titze and Wiedanz (28). 

There are several reports in fairly recent literature of successful at- 
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tempts to produce lesions in dogs but most of these studies have been 
incomplete in that they have included a very small number of animals 
or in the use of unmeasured or inappropriate doses of bacilli. Corper 
(29) studied the effect of intratracheal injection of killed human and 
bovine strains and observed cavitation of the pneumonic lesions at the 
end of one hundred and thirty-nine days. Nine animals were used 
and the doses were 10 cc. of a “heavy suspension.” Eichelberger and 
McCluskey (30) inoculated 4 dogs intravenously with 0.5 mg. of bovine 
bacilli per kilogram of dog’s body weight for the study of the effect of 
sanocrysin on the infected animals. When the dogs were sacrificed at 
the end of about four months, small tubercles were found in the lungs of 
2 dogs, in the kidney in one and in the liver in one. Petit and Panisset 
(31) used about 30 dogs for experiments in which they inoculated diluted 
tuberculous sputum or saline suspensions of tubercle bacilli (1 to 2 mg.) 
intrabronchially through a catheter, inserted into a tracheotomy wound. 
The dogs became tuberculin sensitive in about one month and at autopsy 
the pulmonary lesions consisted of caseous pneumonia with greater or 
less cavity formation. Reinfections with diluted sputum or with 
cultures in 1 mg. doses were attempted also. These reinoculations were 
made under the skin or by the transthoracic route. Only two protocols 
of these experiments are included in their publication. Of these 2 
dogs, one was reinoculated subcutaneously and both were sacrificed in 
about four months after infection. 

The only extensive recent work of which we are cognizant in which 
accurately measured doses of virulent tubercle bacilli were used in dogs 
is that of Vorwald (32) and of Adams and Vorwald (33). Vorwald used 
the human type strain H37 from one month old cultures in doses of 0.1 
mg. per kilogram in guinea pigs, monkeys, dogs, rabbits, rats, chickens 
and cats. The bacilli were administered intravenously and most of 
them were found to be filtered out in the capillaries of the lungs. By 
this method it was found that the response of the dog was less than that 
of the highiy susceptible monkey but more than that of the relatively 
resistant rabbit (with human type bacilli) at the period of one month. 
In a later publication, Adams and Vorwald (33) described their observa- 
tions on the effects of bronchial occlusion in tuberculous infections of 
dogs, produced by intravenous, subpleural and intrabronchial injection 
of a human type strain Hii9. In the experiments with intravenous 
inoculations, 17 dogs were given 0.1 mg. of bacilli per kilogram. Of 
these, 9 died of miliary tuberculosis of the lungs in ten days to thir- 
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teen weeks. The rest were sacrificed at various intervals up to eight 
months. Caseation was observed in the older tubercles, some of which 
reached a diameter of 0.5 cm. and not infrequently became confluent. 
In 8 dogs, doses of 0.2 mg. were injected directly into the pulmonary 
artery with fatal outcome in 3. The remaining 5 were sacrificed at 
intervals up to two hundred and seven days after the injection. All 
except one showed gross or microscopical tubercles; 2 with confluent 
tubercles and ulceration. In general, tubercle bacilli were numerous in 
the early stages and few or absent when the lungs were examined at the 
later periods. Atelectasis of the lung, produced by occlusion of the 
bronchus by silver nitrate, exerted a striking effect in inhibiting the 
development of lesions in the collapsed tissue. In the subpleural and 
intrabronchial injections, the dose was not accurately measured, the 
dosage being “0.1 to 0.2 cc. of a heavy suspension.” Cavities were 
regularly produced which drained into the bronchi in those animals 
which were infected through the air passages. These lesions were much 
more severe than those resulting from haematogenous inoculation and 
longer periods were necessary for healing. Bronchogenic spread to the 
opposite lung was observed in one animal. Calcification at the site of 
the primary lesion was observed in a few of the dogs surviving longer 
than eight months and in one, sacrificed at eleven months after inocula- 
tion, there was bone formation and much fibrous tissue. The closure of 
cavities and successful healing were greatly assisted by collapse of the 
lung when closure of the bronchus could be successfully accomplished, 


MATERIALS AND METHODS 


Dogs obtained from the pound, most of them mongrels, were used for 
the greater number of our experiments. They were carefully selected 
in order to exclude as far as possible those with spontaneous respiratory 
diseases, conjunctivitis, mange, ringworm and severe malnutrition. 
Intercurrent distemper complicated the earlier experiments until ade- 
quate facilities for isolation were obtained. All animals were maintained 
on a constant adequate diet throughout the experiments and in many 
instances a steady gain in weight was observed even in the presence of 
mild or regressing tuberculous lesions. In each experiment the dogs 
used for controls were of nearly the same weight as the others in the 
same group at the beginning of an experiment, but dogs weighing from 
6 to 20 kilograms were used in different groups. Dogs of both sexes were 
used and in a few instances females became pregnant during the course 
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of the experiment. In experiments planned to study the influence of 
age on the development of lesions and the effects of intercurrent infection 
(distemper), puppies from three months to one year old were obtained 
and litter mate controls used whenever possible. As a preliminary 
precaution, the dogs were isolated for a week or longer before any ex- 
perimental procedure was begun. During this time the weight was 
recorded and a tuberculin test done on the shaved skin with Old Tuber- 
culin in 1 mg. doses and Purified Protein Derivative (Seibert) in 0.01 
mg. doses (dilutions of 1: 100). 

Two strains of tubercle bacilli were used. For most of the primary 
infections a human type strain (GII), isolated in 1930 from a case of 
tuberculous meningitis, was used. It is highly virulent for guinea pigs, 
a dose of 0.000,005 mg. producing extensive lesions in one hundred days 
(34). The other strain was formerly considered to be of bovine type 
since at first it produced fatal tuberculosis in rabbits in doses of 0.1 mg. 
but in recent years it has lost much of its virulence for rabbits. It 
was originally isolated from a fatal case of osseous and glandular tuber- 
culosis in a Negro infant. Both strains have been maintained constantly 
on glycerine-egg yolk medium and suspensions for inoculation were 
made from cultures three weeks to four weeks old. The bacilli from 
cultures were suspended by grinding in a,sterile agate mortar with a few 
drops of ox bile, diluted slowly with sterile physiological saline and then 
allowed to stand for about thirty minutes or until the coarse clumps had 
settled out. The homogeneous supernatant suspension was removed 
from the first tube and its bacillary content was determined by centrif- 
ugating an aliquot portion in a Hopkins tube (vaccine standardizing 
type) for thirty minutes at high speed. The final dilution was adjusted 
so that the desired dose for each animal was contained in 1 cc. of saline 
or of 5 per cent mucin. The use of mucin was solely for the purpose of 
localizing the inoculum in a small area of the lung when administered 
by intrabronchial insufflation and for the prevention, as far as possible, 
of the evacuation of the material by coughing. It has been determined 
by experiments in guinea pigs that the presence of mucin does not en- 
hance the pathogenicity of tubercle bacilli but merely limits their diffu- 
sion in the tissues (34). In a few of the experimental animals the bacilli 
have been administered in saline suspension. When indicated, a few 
drops of India ink or of trypan blue have been added to the inoculum 
for the purpose of facilitating the detection of the site of the primary 
lesion. 


TUBERCULOSIS IN DOGS 37 


The dogs were prepared for bronchoscopy by a preliminary injection of 
morphine and atropine and then anaesthetized with ether. Prolonged 
anaesthesia, such as that produced by the barbituric acid derivatives, 
was avoided because of the danger of aspiration pneumonia which some- 
times follows prolonged narcosis with its accumulation of bronchial 
secretions. In the earlier experiments a Jackson aspirating bronchoscope 
was used for the injections but later we constructed a more efficient 
instrument for the purpose with which we are able to introduce under 
direct vision the tip of a soft catheter into the orifice of any selected 
bronchus. In this instrument, which we designated as a ‘‘catheterizing 
bronchoscope,”’ a straight channel for carrying the catheter is substituted 
for the aspirating tube in the bronchoscope (figure 1). Three different 
sizes of instruments were made, a larger one measuring 50 cm. in length 
and 9 mm. in diameter for the very large dogs with long necks and the 
smallest one, 30 cm. in length and 5 mm. inside diameter, for the pup- 
pies. The intermediate size (40 cm. x 9 mm.) fits all medium-sized dogs 
and is the one most generally useful. All are equipped with light car- 
riers. With these, even the upper lobes could be inoculated with 
comparative facility. With the dog anaesthetized and tied in position 
on its back, the bronchoscope was passed to the level of the bronchus to 
be injected and the catheter passed through the small tube and inserted 
deeply into the bronchus. The inoculum was then injected slowly 
through the catheter from a graduated syringe with attached hypodermic 
needle. After injection the dog was placed on the side of the lung which 
had been injected until recovered from the anaesthetic, usually less than 
ten minutes. The sites for inoculation were chosen with the intention 
of obtaining the best roentgen visibility of the lesions which resulted 
from the infection. For this reason, the bases of the caudal lobes and 
the cardiac lobe were avoided. Reinjections were usually made into 
the opposite lung or into a previously uninfected lobe. 

Tuberculin tests: The method employed in the intracutaneous tuber- 
culin testing of dogs has been previously described by Mills and Colwell 
(35). Briefly the cutaneous sensitivity was determined by measuring 
the reaction to dilutions of Old Tuberculin (OT, Parke Davis) and 
Purified Protein Derivative (PPD, Seibert) in doses of 0.1 cc. Stronger 
and weaker solutions (1:10 to 1:10,000) were employed as the reaction 
to the standard dilution (containing 1 mg. OT or 0.01 mg. PPD in 0.1 cc. 
of saline) indicated. The material diluted in 0.85 per cent sodium 
chloride was used within three days or discarded. Readings of the 
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Fic. 1. Bronchoscope with catheter in place in the special channel provided for it on the 
side opposite the light carrier. A slight curve on the tip of the catheter enables the operator 
to insert it more readily into the orifice of an upper lobe bronchus. 

Fic. 2. Solid pneumonic lesion of the ventral portion of the right caudal lobe. Dog. no. 
96, killed fourteen days after infection with 1 mg. of GII strain. 

Fic. 3. Pleural scar in left caudal lobe of dog no. 83, killed eighty-three days after infect- 
tion with 1 mg. of GII strain. The parenchymal lesion just beneath the scar contained 


“active” cavities. 
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tests were made at intervals of twenty-four, forty-eight and seventy-two 
hours and graded according to the method suggested by Aronson (36). 

Technique of X-ray examination: A special immobilizing board, similar 
to that designed and used by Terrell, Robertson and Coggeshall (37), 
was used for all radiographic work. The holder is adjusted to the length 
of the animal by means of telescoping side rails. The forelegs are 
fastened to the frame in such a manner that the scapulae are rotated 
from the lung fields as much as possible. With the dog adjusted and 
fastened securely to the board, fluoroscopy can be done in the various 
positions and films made, most satisfactorily in the anteroposterior 
position. The cassette is placed on a shelf beneath the board. Approxi- 
mately the following factors have been used: 100 M.A.; 55-60 K.V. 
peak; 28 to 30 in. target-film distance; no filter; one-twentieth to one- 
tenth second exposure; Eastman duplitized films; Patterson par-speed 
screens and aluminum cassettes. The exposures were timed to coincide 
with the height of inspiration as nearly as possible. 

Although some of the films have been unsatisfactory due to motion, 
most of them have shown sufficiently good detail for diagnosis. Almost 
all of the dogs have had at least one X-ray examination and many have 
had a series of films made over a period of several months to two and 
one-half years. In addition, films were made of the excised lungs at 
the time of the postmortem examination. As was expected, lesions 
were frequently seen in the postmortem film that were not evident in 
the premortem films, due to their small size, location or occasionally to 
lack of detail in the earlier films. It is exceedingly difficult to detect 
by X-ray examination the lesions that are located in the cardiac lobe 
or in the medial or caudal portions of the lungs that lie behind the large 
heart shadow or dome of the liver. 


EXPERIMENTAL RESULTS 


Observations on more than 150 dogs with various types of tuberculous 
lesions resulting from intrabronchial inoculations have been made up to 
the present time. Of these, 34 were young puppies at the time of first 
infection. Some of the animals are still under observation in long 
period experiments. The rest have died or have been sacrificed at 
various intervals. Included among these are experiments on primary 
tuberculosis with different doses, reinfections, infections after attempts 
to immunize with BCG and tuberculous infections complicated by inter- 
current infections, particularly canine distemper. Since the studies on 
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immunization with BCG and on reinfection are not complete, only brief 
mention will be made here of these groups of experiments. Detailed 
description of tuberculous infection in young puppies will be reserved 
for a later publication. 

General reactions: The greater number of dogs tolerated anaesthesia 
well. Recovery from the ether began in ten to twenty minutes or earlier 
and was apparently complete within one to two hours. In a few in- 
stances, paroxysms of coughing occurred after passage of the broncho- 
scope and in one or two cases this may have contributed to the poor 
results obtained from the injection. Occasionally the inoculum was 
deposited too near the orifice of the bronchus and slight coughing of 
the animal presumably caused some of it to be expelled. This accident, 
however, was largely obviated after some experience by introducing 
the catheter deeply into the bronchus so that most of the inoculum 
reached the parenchyma. 

The first noticeable effects of the insufflation of tubercle bacilli oc- 
curred after twenty-four hours in some cases, later in others. The 
symptoms consisted usually of only slight listlessness. Food was rarely 
refused. In many instances no change in the infected animal could 
be detected except by X-ray examination. In other cases the dogs 
became noticeably quiet soon after injection and progressively more 
listless for one to three weeks, some cases recovering and others pro- 
gressing to death from extensive tuberculosis. Coughing, usually slight, 
occurred in a few of the dogs for periods of one to four weeks after injec- 
tion. The severity of the early symptoms corresponded with the extent 
of the pulmonary lesions in only about one-half of the cases. Extension 
of the infection to the pleura was regularly followed by severe depres- 
sion and rapid loss of weight; food was often refused. 

The occurrence of distemper during the early stages of experimental 
tuberculosis could be recognized by comparison of its signs with those 
of dogs that became ill during their quarantine period. Catarrhal rhinitis 
and conjunctivitis, regularly becoming purulent after a day or two, did 
not occur in tuberculous dogs in the absence of distemper. The depres- 
sion and anorexia associated with distemper were often more pronounced 
in the tuberculous than in the nontuberculous dogs and persisted for 
longer periods in the former. This increased severity of symptoms in 
distemper among tuberculous dogs was usually associated with rapid 
extension of the pneumonic process from the site of inoculation to other 
lobes of the same side and to the opposite lung, as demonstrated by X-ray 
examination and by necropsy. 
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The physical signs in early limited tuberculous lesions were slight or 
absent. Percussion findings, except in the presence of extensive consoli- 
dation or pleural effusions were generally negative. Dulness on percus- 
sion could be elicited over areas of lobar consolidation and moderately 
large quantities of fluid could be detected. Alterations in breath sounds 
were less readily demonstrated. 

Roentgenograms: The size and contour of the Shadows observed after 
infection varied considerably, depending upon the placing of the inoculum 
and upon the size of the dose. Generally the lesions resulting from the 
smaller doses were small and regressed more quickly (figures 4 and 5), 
while larger doses produced more massive lesions, involving the greater 
part of one or two lobes (figures 6 and 7). The large lesions frequently 
progressed until more or less extensive cavitation was evident (figures 
7,9 and 12). Small cavities, not evident in the films of living dogs, 
were clearly seen in the postmortem films (figure 9). Hydrothorax 
was observed in several dogs. The presence of pneumothorax was 
difficult to detect because all routine films were made with the animal 
in the supine position. The smaller deposits of calcium that sometimes 
occurred within a few months after a first infection are readily seen 
on the postmortem film but sometimes missed in films made during the 
life of the animal because of lack of sufficient size or density. 

Weight: The weight curves in the infected dogs proved on final analysis 
to be moderately well correlated with the progress of the disease. In 
dogs showing extensive progressive lesions there was usually a gradual 
falling off of the weight. As they recovered, the original weight was 
regained and before the experiment was terminated many animals 
weighed more than at the time of first infection. A precipitate drop 
in weight nearly always indicated rapid extension of lesions or complica- 
tions, particularly pleural effusion following perforation of a parenchymal 
lesion into the pleura with fatal tuberculous empyema. In two instances, 
however, intractable mange was thought to be responsible in large part 
or wholly for the decline in weight. Animals with small lesions that 
healed rapidly, even though cavitation resulted, showed trivial initial 
loss of weight or none, followed by a gradual gain over the period of 
the experiment. 

Sedimentation rate: Sedimentation rates of red cells have been deter- 
mined systematically in about 20 dogs at intervals selected to furnish 
the greatest amount of significant information. In a small group of 
animals, daily determinations were made from the time of inoculation 
to the time of termination of the experiment by sacrifice of the dog. The 
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rate of settling was established for normal dogs and one or more deter- 
minations were made on each of the infected dogs before the time of 
inoculation. In dogs that appeared to be entirely normal, free from 
mange and respiratory infections, the range of sedimentation rate was 
1 to 7 mm. in one hour but occasionally reaching 10 to 12mm. _ In tuber- 
culous dogs the time of the beginning of the rise was usually about a week, 
progressing with fluctuations until the maximum was reached in thirty- 
five to ninety days. Thirty-two mm. in one hour is the highest rate 
observed in this group. Of 4 dogs showing at some time a rate of over 
30, one died. Our impressions so far from this preliminary study of 
sedimentation rates is that, if intercurrent infections can be excluded, 
a rapid increase of sedimentation rate means a rapid extension of the 
tuberculous lesion in the lung or pleural effusion, frequently both. 


EFFECT OF SIZE OF DOSE ON MORTALITY 


Excluding the puppies from consideration, only 4 dogs received less 
than 1 mg. of tubercle bacilli as the first infecting dose. Two of these 
were sacrificed at the end of two weeks and the other 2 were given a 
second dose of 0.5 mg. each at the end of the first week. One of these 
died as the result of tuberculosis following superinfection and the other 


is alive after a year and a half. Nothing can be said, therefore, about 
the rate of mortality following the inoculation of doses smaller than 
1 mg. of bacilli. 

Forty-six dogs received as their first dose 1 mg. of a three weeks old 
culture. Six of these died, 5 with distemper bronchopneumonia and 


Fic. 4. X-ray film of dog no. 127, made four days after injection of 3 mg. dose of bacilli 
into the bronchus of the right middle lobe. Density in medial one-half of lung field. Chest 
in position of expiration. 

Fic. 5. Dog no. 127, thirty-two days after infection. Density has extended peripherally. 
Chest fully expanded in deep inspiration. This dog died in sixty-three days with tuber- 
culous empyema. 

Fic. 6. Film of dog no. 120, seven days after injection of right upper lobe with 6.5 mg. of 
culture. Density in upper one-third of field. 

Fic. 7. Film of dog no. 120, twenty-seven days after infection. Lobar consolidation, 
indicated by sharp lower border of area of density, had occurred by the fifteenth day. An 
area of apparent clearing (arrows), actually cavitation, appears on this film. The dog died 
with extensive pulmonary consolidation and cavitation at the end of sixty-three days. 

Fic. 8. Postmortem film of lungs of dog no. 76, killed fifteen days after injection with 
1 mg. of bacilli, showing large area of density in caudal lobe and enlarged lymph nodes. 

Fic. 9. Postmortem film of lungs of dog no. 83, killed eighty-three days after inocula- 
tion. The lesion in the caudal lobe is dense (caseous) with fairly sharp outline (partly en- 
capsulated) and small cavities are indicated by the arrows. 
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only one (no. 36) of uncomplicated tuberculous infection. In this case, 
death occurred on the one hundred and ninth day after inoculation, 
following a course that was characterized by progressive loss of weight 
(from 12.2 kg. at the time of inoculation to 9.2 kg. on the day of death) 
and progressively increasing sedimentation rate of blood (2.3 mm. in 
one hour at the time of inoculation to 32 mm. in one hour on the fifty- 
second day and never lower than 28 mm. from the forty-fifth day to the 
time of death). An X-ray film made on the ninetieth day- showed the 
presence of fluid in the right pleural sac. The cause of death was widely 
disseminated tuberculous bronchopneumonia, atelectasis and _ tuber- 
culous empyema. The primary lesion was scarred but not effectively: 
encapsulated. 

Twenty-three of the 46 dogs in this group were killed with ether at 
intervals less than one hundred days, and 4 at longer intervals, varying 
from one hundred to three hundred and fifteen days. Nine were rein- 
fected after periods from ninety-seven to four hundred and forty-six days. 
Two were discarded after a few days because inoculation was thought to 
have been unsuccessful due to technical difficulties. The rest were 
saved for the study of healed lesions. If we exclude from:the estimate 
the dogs that died from distemper or in which distemper broncho- 
pneumonia was at least an important contributing factor, only one 
death in the group receiving the 1 mg. dose is attributable to tuber- 
culosis. 

A similar consideration of a group of 21 dogs that received 2 mg. to 
4 mg. doses of bacilli shows a much higher mortality rate. Eight of these 
died after periods of survival varying from nine days to seventy-two 
days and 4 of these deaths were attributable to distemper (nine, twelve, 
fifteen and twenty days after infection). Excluding these and 4 others 
which were killed within one hundred days after inoculation, the death 
rate due to tuberculous infection is about 30 per cent. The rest of the 
animals of this group were apparently healthy at two hundred and seven 
to three hundred and eighty-four days when they were reinfected or 
sacrificed for the examination of healed lesions, and 3 of them are still 
under observation. The average length of life after infection in the 4 
dogs that died of tuberculosis was fifty-two days. 

In the group of 27 dogs that received from 5 mg. to 10 mg., the mor- 
tality computed on the same basis is about 33 per cent. The average 
duration of life among dogs that died of tuberculosis was fifty-eight days; 
the extremes were forty-three and ninety days. 
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When the dogs are regrouped on the basis of dose per kilogram of 
body weight at the time of inoculation and the mortality computed as 
in the preceding estimates, the results are essentially the same. In 24 
dogs receiving 0.053 to 0.096 mg. of bacilli per kilogram, the net mortality 
from tuberculous infection was about 9 per cent. In the group of 30 
dogs that received 0.1 to 0.25 mg. per kg. there were no uncomplicated 
deaths from tuberculosis. In 22 dogs receiving 0.305 to 0.491 mg. per 
kg. the mortality was 38 per cent and in 20 dogs given 0.5 to 1.06 mg. 
per kg. about 33 per cent. In every estimate of mortality percentage, 
dogs that have been sacrificed in less than one hundred days have been 
excluded. This period is arbitrary but serves as well as any for practical 
estimates, since in a total of 19 spontaneous deaths only one (no. 36) 
occurred after an interval of ninety days (no. 36 in one hundred and 
nine days). 


Influence of size of dose on mortality 


NUMBER OF DOGS MORTALITY NUMBER OF DOGS MORTALITY 


TUBERCU- DOSE PER KG. TUBERCU- 
Total Net* ered Total Net* LOsIs 


2- 4 
5-10 


46 


21 
27 


16 


13 
18 


per cent 
6.3 


30.8 
33.3 


.05— .099 
.299 
.3 — .499 
.5 -1.06 


24 
28 
22 
20 


11 

8 
16 
12 


ber cent 
9.1 
0 

38 
33.3 


* The number of dogs sacrificed earlier than one hundred days and the number dying with 
distemper are subtracted from the total. 


It would seem from a glance at the mortality percentages that the 
death rate is more closely related to the size of the total dose than to 
the dose per kilogram of body weight but, while this may be true in 
such experiments as these in which the inoculum is introduced directly 
into a small mass of pulmonary parenchyma, the number of animals 
in each group is so small and there are so many uncontrollable factors 
(such as intercurrent distemper and bronchopneumonia) that we are 
inclined to believe that this correlation may well be accidental. There 
is ample evidence to indicate that intercurrent respiratory infections, 
in mild form as well as severe, may influence profoundly the course of 
pulmonary tuberculosis in dogs as in man. 


EFFECT OF SIZE OF DOSE ON TYPE AND EXTENT OF LESION 


Thirty-seven dogs were injected intrabronchially with 1 mg. of virulent 
tubercle bacilli for studying the mode of development of lesions and the 
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mechanism of healing or as untreated controls in other experiments. 
Two of these were discarded as not infected. In one case the catheter 
slipped out of the bronchus during the injection and in the other the 
catheter leaked at its attachment to the needle. Two dogs are alive 
under observation one and one-half and two and one-half years after 
injection. Five died with signs of pulmonary distemper and showed 
at necropsy either diffuse or confluent bronchopneumonia. One of these 
(no. 7), dying twenty-six days after inoculation, showed also a generalized 
miliary tuberculosis. In one which died in four days there was diffuse 
haemorrhagic pneumonia, but no tuberculous lesion could be found. 
One dog of the 37 died at the end of one hundred and nine days with 
tuberculous bronchopneumonia and empyema. The remaining 28 were 
sacrificed at various intervals after inoculation, from two days to three 
hundred and fifteen days. In one (no. 6), killed with ether at one hun- 
dred days, no tuberculous lesions could be found. The progress of the 
disease in the others was more uniform than we expected in a number of 
animals of different sizes and breeds and of both sexes. The only dogs 
in which there was evident lag in the evolution of the lesion or in which 
the extent of the lesions was disproportionately limited were among the 
5 injected with saline suspensions of bacilli instead of the customary 
mucinous suspensions. The most reasonable explanation for this is 
that, in the case of the saline suspensions, much of the 1 cc. of inoculum 
is expelled by coughing and much less than 1 mg. of bacilli remains in 
the lung. 

The following summary will indicate the various stages of development 
of lesions at different intervals of time after injection: 

At two days a scattered gray infiltrate was usually found at the site 
of inoculation. Hyperaemia was not conspicuous and no oedema could 
be detected on macroscopical inspection. The lymph nodes were not 
appreciably enlarged and no lesions could be identified except by micro- 
scopical examination, which revealed mild hyperplasia of histiocytes. 

One dog, injected with saline suspension of bacilli and killed with 
ether on the fifth day, showed a scattered gray infiltrate, confluent in 
the centre (15 mm. nodule), slightly haemorrhagic and with irregular, 
poorly defined borders. 

Six dogs, killed on the seventh or eighth day, showed transformation 
of the scattered infiltrate into a mass which was solid in the centre. The 
least extensive of these was a solid nodule 1 cm. in diameter, surrounded 
by an irregular zone of scattered gray infiltrate. The largest consisted of 
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a well defined, solid pneumonic area (4.5 x 3.5 x 3 cm.) in the left caudal 
lobe of dog no. 92. Dog no. 94 had a similar mass in the right middle 
lobe. The one dog among these which received its infecting dose in 
saline suspension (no. 66) had a lesion which was next to the smallest 
in the group (2.5 x 2x2cm.). These lesions were dry and rubber-like 
in consistency but not caseous and differing sharply from the liver-like 
consistency of the lesions of pneumococcal pneumonia. 

The 2 animals which were sacrificed on the tenth day had been inocu- 
lated with saline suspensions. One of these (no. 61) showed a solid 
gray pneumonic infiltrate measuring 2 x 2 x 0.8 cm. and the other (no. 
67) a scattered, nonconfluent infiltrate at the site of inoculation. The 
tracheobronchial lymph nodes in all 8 dogs showed hyperplasia, graded 
as one-plus to two-plus, but caseation did not occur as early as ten days. 

Three dogs, representing the fourteen to fifteen day interval, showed 
solid masses of granulomatous consolidation, from 4.5 x 4.5 x 3 cm. to 
6.5 x 5x 4cm. in diameter (figures 2 and 10). In one there was a broad 
zone of oedema around the solid, rather dry, cellular area. One lesion 
showed early necrosis of the central part and one (no. 96) a more ad- 
vanced caseous necrosis (3+). In all there were hyperplasia of tracheo- 
bronchial and anterior mediastinal lymph nodes (3+), hypertrophy of 
three to five diameters with complete obliteration of normal architecture 
and advanced caseation in one (no. 96). 

At twenty-five days, one dog (no. 84) had a mass of granulomatous 
pneumonia measuring 3 x 2.5 x 1.5 cm. in the right middle lobe and 
granulomatous bronchopneumonia in the other two lobes of the same 
side. Early necrosis was observed in the larger, confluent, broncho- 
pneumonic lesions as well as in the central lesion (figure 11). The lymph 
nodes were much enlarged, fused and caseous (3+). 

At twenty-seven days, dog no. 85 showed caseous pneumonia (7 x 5 x 
3.5 cm.) with multiple small cavities up to 19 mm. in greatest diameter. 
The lymph nodes were much enlarged and caseous. 

In dog no. 11, sacrificed at the end of twenty-nine days because of 
intercurrent distemper, there was no single large area of consolidation, 
but a wide-spread confluent granulomatous bronchopneumonia was 
present with necrosis in early stages and involving only the larger con- 
fluent masses. The lymph nodes were large but not caseous. 

At fifty-nine and sixty-one days (dogs no. 86 and 74) the lesions showed 
the first definite evidence of encapsulation. In no. 86 the older lesion 
was a partly encapsulated mass of caseous pneumonia, 3 cm. in diameter 
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and covered on the surface by a thick pleural scar. Several cavities up 
to 2 cm. in diameter were distributed through the necrotic mass. There 
were numerous small acinar extensions in all lobes, evidently of recent 
origin. The nodes were hyperplastic (3+) and caseous (2+). The 
lesions in no. 74 were closely similar to those of no. 86, including bronchial 
dissemination to other lobes but lacking any cavitation of the main 
lesion. 

In the lung of no. 15, infected with saline suspension and killed at 
about the same period (sixty-five days) there was an inactive, almost com- 
pletely healed lesion, consisting of a small group of organizing, poorly de- 
fined nodules, apparently the last trace of localized, granulomatous pneu- 
monia. Scarring was minimal and the lymph nodes showed only slight 
fibrosis. 

At eighty-three days (figures 3 and 9) the only lesion found at necropsy 
was a caseous nodule, 2 cm. in diameter, partly surrounded by a fibrous 
capsule and containing a few small “active” cavities, the largest measur- 
ing 10x4x3mm. The regional nodes showed only mild (1+) hyper- 
plasia. There were no bronchogenic extensions although at least one 
of the cavities communicated with a small bronchus. 

At ninety-three days (dog no. 33) the lesions consisted of a healed 


Microscopic Sections: Magnification in fig. 13 is about 3 X; in all others, 2 X. Stain, 
haematoxylin and eosin. 


Fic. 10. Area of consolidation from lung of dog no. 76, killed at fifteen days (1 mg. dose). 
The parenchyma is densely filled with large mononuclear cells and leucocytes. The lighter 
patches are sites of beginning necrosis. 

Fic. 11. One of the lesions of dog no. 84, killed twenty-five days after inoculation with 
1 mg. dose. The dark patches near the centre represent necrotic tissue, densely infiltrated 
with leucocytes. Elsewhere, large mononuclear cells predominate. 

Fic. 12. Excavated lesion of dog no. 130, killed forty-seven days after injection with 4.25 
mg. of bacilli, The capsule has begun to form. The cavities are lined by seminecrotic 
granulation tissue, consisting largely of mononuclear cells. 

Fic. 13. Partly encapsulated lesion (the larger of two lesions) in lung of dog no. 128, 
killed at two hundred and twenty-three days after injection of a 6 mg. dose. The dark 
zone is cellular granulomatous tissue and the centre is caseous. An interrupted fibrous cap- 
sule is located at the border between caseous substance and granulation tissue. Small 
calcareous deposits are located near the lower border of the caseous area (surrounded by 
minute artefactual fissures). 

Fic. 14. Small acinar lesions in lung of dog no. 129, dying sixty-three days after inocula- 
tion with 3 mg. of culture. 

Fic. 15. Pleural and parenchymal scar at site of inoculation of lung of dog no. 40, three 
hundred and eighty-four days after injection of 3 mg. of bacilli. There were small “active” 
lesions in the opposite lung but the primary lesion was completely healed. 
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cavity with thin, smooth lining, 13 mm. in diameter, and numerous small 
bronchogenic granulomatous lesions in three lobes. The nodes showed 
only slight histiocytic hyperplasia. 

Two dogs (nos. 37 and 35) were killed at one hundred and thirty-nine 
and three hundred and fifteen days respectively. In the first, only a 
pigmented scar marked the site of infection. In the other there was 
a thin-walled, completely healed cavity, 16 mm. in diameter. Fibrous 
patches in the pleura over the site of the parenchymal lesions and fibrosis 
of the lymph nodes were present in both. 


LESIONS FOLLOWING ADMINISTRATION OF LARGER DOSES 


Among the 39 adult dogs that received doses of tubercle bacilli greater 
than 1 mg. (3 to 5 mg.) there were 14 spontaneous deaths. Broncho- 
pneumonia associated with distemper was, at least in part, responsible 
for the fatal outcome in 4 dogs. All 4 died within twenty days. The 
others died after intervals varying from twenty-four to ninety days 
after infection (average: forty-nine days). Twenty dogs were killed 
after various periods from five to three hundred and eighty-four days. 
The remaining 5 are alive under observation after five to ten months. 
Since no pronounced differences were observed in the lesions resulting 
from administration of the greater or smaller doses within this group 
of dogs, they will be discussed as one group. The doses were from 3 
mg. (3 dogs) to 10 mg. (5 dogs of which 2 are alive after five months) 
with the majority receiving 4 or 5 mg. each (0.25 to 0.64 mg. per kg.). 

Two dogs (nos. 151 and 124) were sacrificed at the end of five and seven 
days respectively. In these there were solid pneumonic masses measur- 
ing 5x 4x 2.2 cm. and 3x 2.5 x 1.5 cm. The dog showing the larger 
mass had received 10 mg. (1.06 mg. per kg.) and the one with the smaller 
mass 5 mg. (0.437 mg. per kg.) in mucin. The latter at seven days 
showed also scattered small tuberculous lesions in other lobes and small 
haemorrhages in the principal lesion. The regional lymph nodes were 
hyperplastic to about an equal degree in the 2 but there was no appreci- 
able necrosis. 

Two dogs (nos. 1 and 46) were sacrificed at ten days because of thick 
mucopurulent discharge from the nostrils, weakness and anorexia, which 
appeared four days after injection in one and at the beginning of the 
second week in the other. The tuberculous lesions in one of these dogs 
were more widely scattered than is usually the case and both kidneys 
and the liver contained numerous epithelioid tubercles. There was no 
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evidence of pyogenic infection of the lungs. In the other dog the lesions 
consisted of wide-spread granulomatous bronchopneumonia, most ex- 
tensive and confluent in the right middle lobe and showing large numbers 
of acid-fast bacilli in microscopical sections. Necrosis was present in 
the centres of the larger areas. Only small areas were found in which 
the lesions were definitely purulent and even here acid-fast bacilli were 
present in small numbers. There were no tubercles in the liver and 
kidneys. 

At fourteen and sixteen days (nos. 52 and 150) caseation had begun in 
the solid masses of consolidation and in the lymph nodes of one of them. 
The pulmonary lesions measured 4 x 3.5 x 3 cm. and 5 x § x 2.5 cm. 

Cavitation first appeared at twenty-seven days (no. 131) as a 5 mm. 

defect in the centre of a solid granulomatous lesion, 4.5 x 4 x 2.5 cm. in 
diameter. The lymph nodes were hyperplastic (4+), fused and caseous 
(3+). A dog killed at thirty-two days (no. 2) had an “active” cavity 
1.5 cm. in greatest diameter, communicating with a bronchus, acinar 
lesions in all lobes and miliary tubercles in kidneys and liver. 
* Dog no. 20, killed at thirty-six days, showed a fairly extensive caseous 
pneumonia with multiple small ragged cavities within the caseous mass. 
Generalization had occurred and there was a large quantity of fluid in 
each pleural cavity, associated with tuberculous mediastinitis, pericarditis 
and pleurisy. This dog, in all probability, would have died but at the 
time of sacrifice showed no symptoms of serious disease. Another dog 
(no. 18), killed at about the same interval after injection (thirty-seven 
days), had a large solid primary lesion and acinar extensions in all lobes, 
as well as miliary tubercles in the liver and kidneys. 

Similar progressive lesions were found at forty-seven days (no. 130) 
(figure 12) and fifty-eight days (no. 153), with active cavities of 4 cm. 
and 3 cm. in diameter respectively. In both of these a thin fibrous 
capsule partly surrounded the main lesion but there were acinar lesions 
in all parts of the left cephalic lobe which was the site of the primary 
lesion in dog no. 130. Caseous tuberculosis of the regional lymph nodes 
was present in both. 

After seventy-two days (no. 21) a well defined capsule was present 
but incomplete on the hilar side of the nodule. Generalized miliary 
tuberculosis was present. Similar but more extensive lesions were found 
in dog no. 43, sacrificed at one hundred and thirteen days. Tuberculous 
pneumonia involved the right middle and right caudal lobes completely 
and there were bronchopneumonic lesions in the other lobes. Cavitation 
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was extensive; the largest single cavity measured 3x 2.5x2cm. There 
were miliary tubercles in the liver. 

Of 3 dogs (nos. 122, 129, 42) killed at two hundred and seven, two 
hundred and ten and two hundred and sixteen days respectively, one 
had a completely healed lesion, represented by pigmented. parenchymal 
and pleural scars. Two showed, in addition to scars and smooth thin- 
walled healed cavities, small granulomatous lesions which were not 
encapsulated. A few acid-fast rods were found in the macrophages of 
one of these lesions and, in the other dog, the mediastinal nodes were 
hyperplastic and acid-fast granules but no rods were present in the 
macrophages. We concluded that the process in these two animals 
was still slightly active but well along the way toward complete healing. 

At two hundred and twenty-three days dog no. 128 showed two well 
circumscribed caseous nodules (2.7 x 1.6 x 1.7 cm. and 0.7 x 0.3 x 0.2 cm.) 
with granulomatous borders and interrupted fibrous capsules. In both 
of these nodules there were minute chalky deposits (figure 13). The 
lymph nodes were slightly hyperplastic (+) but not caseous. Granulo- 
matous infiltrates extended out into the surrounding parenchyma well 
beyond the site of the capsule, especially in the case of the larger nodule. 

Dog no. 17, killed at the end of two hundred and sixty-six days, had 
only a pleural scar and completely healed cavity to mark the site of 
the infection. 

Dog no. 40, a female, however showed active lesions when sacrificed 
at the end of three hundred and eighty-four days. Following intra- 
bronchial insufflation of 3 mg. of bacilli (0.319 mg. per kg.) this animal 
was very sick, showing early excavation in an X-ray film taken on the 
twenty-ninth day and losing weight progressively for one hundred 
and seventy-six days (from 9.4 kg. to 6.4kg.). Between the one hundred 
and seventy-sixth and three hundred and fifty-sixth days she improved 
rapidly, meanwhile becoming pregnant, and whelped on the three hun- 
dred and fifty-ninth day after infection. Four pups were born dead and 
the other 4 died within the day. During the last month of pregnancy 
and the subsequent twenty-five days, X-ray examination revealed 
bronchopneumonic lesions in both lungs, involving areas previously clear. 
When sacrificed and examined, the primary lesion in the right caudal lobe 
consisted of extensive pleural adhesions, a puckered scar near the middle 
of the lobe (figure 15) and an encapsulated cavity, 7 to 8 mm. in diameter, 
near the apex of the lobe. There were no tubercle bacilli and no evidence 
of recent activity in these lesions. Recent active bronchopneumonic 
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extensions with cavity formation were found in the right middle and both 
caudal lobes. These consisted largely of masses of macrophages with a 
few acid-fast bacilli in the ragged linings of the cavities. This is the 
only instance so far observed of reactivation of a quiescent lesion after 
a lapse of time usually sufficient to insure complete healing and steriliza- 
tion of the primary lesion. The influence of pregnancy in this instance 
is, of course, merely presumptive. So far, attempts to obtain evidence 
of reactivation under similar circumstances have been unsuccessful. 


LESIONS IN DOGS DYING SPONTANEOUSLY OF TUBERCULOSIS 


Four dogs of this group died with distemper-like symptoms at nine, 
twelve, fifteen and twenty days after inoculation with tubercle bacilli. 
Two were discarded without necropsy, due to a misunderstanding about 
disposal of dead animals on the part of the animal keeper. The other 2 
showed extensive purulent bronchitis and confluent bronchopneumonia, 
more or less completely obscuring the tuberculous lesions. The relation- 
ships between the progress of the tuberculous infection and intercurrent 
infections will be discussed in a later publication. In one other dog 
(no. 53) an accidental lesion may have been the precipitating cause of 
death. When this dog died on the sixty-fifth day, the principal lesions 
consisted of confluent tuberculous bronchopneumonia with caseation 
and cavity formation, massive pleural effusion, hyperplastic caseous 
tuberculosis of the tracheobronchial lymph nodes and intussusception of 
the small intestine with beginning necrosis and early fibrinopurulent 
peritonitis. There were no tuberculous lesions in the intestine. It seems 
probable that this animal would have died of tuberculosis if the intus- 
susception had not occurred, but we cannot be certain of this. 

The 10 dogs that died of tuberculous infection had diffuse tuberculous 
pneumonia or confluent bronchopneumonia (one dog) involving one or 
more lobes. Nine showed intrabronchial extensions (acinar lesions) 
(figure 14) besides the principal lesion. Nine showed some degree of 
caseation in the pulmonary lesions and 6 had cavities varying from 
minute excavations from 1 to 2 mm. in diameter to multiple cavities 
which occupied most of one or two lobes and measuring up to 6x5 x 4.5 
cm. (no. 120). Nine dogs had miliary tubercles in the liver or kidneys 
or both and 9 (but not the same 9) had pleural effusions consisting of 
turbid gray or yellowish fluid and fibrin and measuring from 65 cc. to 
1,500 cc. (1,000 cc. in the right and 500 cc. in the left pleural sac in dog 
no. 50). The effusions appeared to be the precipitating cause of death 
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in most cases, since death usually occurred within a few days or weeks 
after large effusions appeared in X-ray films. Dog no. 126 died on the 
twenty-sixth day with a tuberculous mass (5 x 2.5 x 2.5 cm.) in the right 
caudal lobe next to the diaphragm, with hyperplastic but not caseous 
lymph nodes and with miliary tubercles in the liver. There was no 
pleural effusion and the cause of death is uncertain. 


DISCUSSION 


In this attempt to analyze and correlate the results of intrabronchial 
injection of a single measured dose of tubercle bacilli in 94 full grown 
dogs, we have been fully aware of the possible fallacies of deductions 
based on mortality statistics in such relatively small numbers of animals. 
The evidence derived from comparison of the lesions resulting from 
administration of 1 mg. doses with those observed at various periods 
after injection of 4 mg. to 10 mg. of the same strain of bacilli, supports 
the evidence from the mortality figures that the size of the initial dose 
is of much importance in determining the outcome of the experimentally 
initiated disease. This relationship is much more clear in the resistant 
dog than in the highly susceptible guinea pig, succumbing to doses of this 
same strain as small as 0.000,5 mg., or monkeys, dying in three to six 
months after injection of 0.000,01 mg. of human or bovine strains of 
tubercle bacilli, as in the experiments of Griffith (38). In these suscep- 
tible animals it is usually only a matter of time before the infecting bacilli 
proliferate to such a number as to overwhelm the animal. In the dog, 
on the other hand, relatively high concentrations of virulent tubercle 
bacilli can be localized and ultimately sterilized, followed by complete 
healing of the lesions. When the bacilli reach a certain high concentra- 
tion in any one mass of tissue, necrosis occurs. If the necrotic lesion is 
sufficiently extensive or favorably located with regard to dissemination 
of the infection, evacuation of bacilli-laden necrotic tissue into a bronchus 
or into the pleural space occurs. New lesions in distant portions of the 
lungs are usually the result of reaspiration of this infectious necrotic 
material, much less commonly of blood-borne dissemination. Accidental 
scattering of the initial dose through various parts of the lung diminishes 
the size of the dose reaching any one focus and thereby lessens the prob- 
ability of a “take,” that is, a progressive caseating lesion with ultimate 
generalization. It appears then from our experience with dogs that 
the concentration of the infecting bacilli in any one mass of tissue is of 
much more importance than the total dose received by the lung. This 
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observation further leads to the conclusion that the dose per dog is of 
more significance than the dose per kilogram in such experiments as 
these where the infecting dose is at first localized to a small mass of 
pulmonary parenchyma. 

A secondary factor which appeared to promote a fatal outcome in 
these experiments was the location of the lesion. While most of the 
primary lesions were peripherally located so that they involved pleural 
surfaces, a few were more central, extending from the hilum to the middle 
of the lobe and the pleura involved was interlobar pleura. The latter 
did not perforate or were reinforced by adhesions with the adjacent lobe 
and consequently massive effusion, apparently the complication most 
frequently causing death, did not occur. 

It is impossible to estimate the importance of generalization of the 
tuberculous infection through the blood-stream because we have no 
way of measuring the degree of general intoxication resulting from it. 
Of all organs and tissues outside of the thoracic cavity the liver was 
by far the most frequently involved. The lesions consisted of few to 
innumerable epithelioid tubercles, generally small and showing a tend- 
ency to heal. The renal lesions, much less common, were extensive in 
a few cases and these might reasonably be expected to be an important 


factor in producing death. Metastatic tubercles of the brain and menin- 
ges have not been observed in any of our dogs up to the present time. 
General intoxication as a result of extensive tuberculous disease was 
indicated in most cases by a more or less severe degree of fatty change 
in the liver but the renal epithelium rarely suffered to an appreciable 
degree. 


SUMMARY AND CONCLUSIONS 


Tuberculous lesions can be consistently produced in the lungs of dogs 
by intrabronchial insufflation of virulent tubercle bacilli of human or 
bovine types in suitable doses. The effects are rendered more certain 
by suspending the bacilli in a viscous substance such as mucin, since such 
a menstruum tends to prevent expulsion by coughing and to prevent 
scattering of the bacilli through the lung. In the case of the two strains 
used in these experiments, 1 mg. doses consistently produced lesions 
which are recognizable by X-ray examination but which rarely lead to 
death of the animal. Larger doses (3 to 10 mg.) when properly inoculated 
into a bronchus, initiated fatal tuberculous lesions in about 30 per cent 
of dogs. The lesions consisted essentially of a cellular granulomatous 
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pneumonia, followed by central caseous necrosis, cavitation and evacua- 
tion of necrotic material into involved bronchi. Widely disseminated, 
bronchogenic, acinar-nodose lesions or tuberculous bronchopneumonia 
result from reaspiration of infectious necrotic material. The regional 
lymph nodes are constantly involved and show hyperplasia of histiocytes 
with or without caseous necrosis, depending upon the degree of involve- 
ment. The degree of hyperplasia and caseation in the lymph nodes 
usually reflects accurately the extent and severity (degree of necrosis) 
of the pulmonary lesions in primary infections. 

Haematogenic tubercles of liver and kidneys more frequently occur 
after inoculation of the lung with large than with the smaller doses and 
usually tend to regress, especially in the liver. Pleural effusions are 
present in the majority of fatal infections and are the result of direct 
extension from necrotic parenchymal lesions through the damaged pleura, 
frequently with macroscopical perforation of the pleura. 

Caseous necrosis is dependent upon the concentration of tubercle 
bacilli and their toxic products in a solid mass of tissue such as consoli- 
dated pulmonary parenchyma, larger concentrations resulting in earlier 
and more extensive caseation than smaller concentrations, other factors 
being equal. 
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EXPERIMENTAL TUBERCULOSIS! 
Observations on Tissue Reaction and Natural Resistance 


WALTER PAGEL 


Tuberculosis in animals with high natural resistance to tuberculous 
infection offers still a number of open questions concerning the relation- 
ship between tissue reaction, morphological variability of the bacillus 
and immunity. The present investigation was carried out in the mouse 
whose high resistance to tuberculosis is undisputed, and the following 
points were examined: 


1: The response elicited by intracutaneous infection. 

2: Histological differences from the reaction of animals with low resistance 
to tuberculous infection. 

3: A possible coérdination of the tissue reaction, including the variability of 
the tubercle bacillus with natural resistance. 

4: Allergy and allergic immunity. 


MATERIAL AND METHODS 


White and colored mice were infected intracutaneously with approxi- 
mately 1 mg. of tubercle bacilli suspended in saline. As a rule 0.2 cc. 
of the suspension was injected. 

(1) In a first series, 30 mice were infected with bovine bacilli of high 
virulence for rabbits (0.001 mg. killing rabbits within forty to sixty days 
of intravenous infection). The site of infection was examined histo- 
logically five to forty-one days after infection. 

Intracutaneous reinfections were made with bacilli of the same strain 
in 8 mice four weeks after infection, the site of reinfection being subjected 
to histological examination in 5 animals five to twenty-two days after 
reinfection. A second reinfection with bacilli of the same strain was 
performed in 7 mice four weeks after the first reinfection and the lesions 
were examined eight to twenty-two days thereafter. Five of these ani- 
mals were subjected to a third reinfection four weeks after the second one, 


1 From the Sims Woodhead Memorial Laboratory, Papworth Village Settlement, Cam- 
bridge, England, and the Pathology Department, Central Middlesex County Hospital, 
Acton Lane, London. 
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the site of this reinfection being examined histologically after two to 
thirteen days. 

(2) In a second series, bacilli of a virulent human sputum strain were 
used and 7 mice infected. Eleven to twenty-eight days later the site of 
infection was removed for histological examination. 

Six animals infected with bovine bacilli were, after six weeks, reinfected 
with the human strain, the site of reinfection being examined in 4 animals 
eleven to twenty-eight days after reinfection. Reinfection with human 
bacilli subsequent to two bovine infections (second reinfection) was per- 
formed in 6 animals and followed up histologically in 3 animals after 
fifteen to twenty-five days. Four mice infected with bovine bacilli at 
intervals, three and four times respectively, received a third and a fourth 
monthly reinfection with human bacilli, the lesion being histologically 
examined after eighteen to twenty-five days. 

(3) Bacilli of the avian type were used in a series of 10 mice with subse- 
quent histological examination of the site of infection after seven to 
seventeen days. 

For reinfection with avian bacilli 7 mice were used, four weeks after 
intracutaneous human infection. In 6 animals the site of reinfection 
was sectioned after seven to seventeen days. 


MACROSCOPICAL AND HISTOLOGICAL DESCRIPTION OF THE SITE OF 
INFECTION WITH BOVINE BACILLI 


Bovine infection was followed, in most mice, by formation of a papule 
within four to eight days. It grew slowly and developed in some in- 
stances a small scab or ulcer after ten to twenty days. The papule was 
visible forty-one days after infection when the last animals of the series 
were killed. 

During the first ten days after infection the papule consisted of an 
abscess with varying degree of tissue necrosis (figure 1). Then the pic- 
ture definitely changed, and abscess and necrosis were seen in exceptional 
instances only. The most conspicuous feature was now foam-cells, that 
is, large mononuclear cells filled with lipoid. They were observed as 
early as eight days, and were still the most prominent change forty-one 
days after infection (figure 3). They were absent in two cases only in 
which pure abscesses were found eighteen and twenty-seven days after 
infection, respectively. Nearly always a thick hyaline capsule of col- 
lagenous fibres surrounded the foam-cell focus, or a hyaline scar contain- 
ing foam-cells was seen in the deeper layers of the cutis. There were 
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all transitional stages between a large encapsulated focus of foam-cells 
interspersed with varying numbers of leucocytes and just visible areas 
of thickened connective tissue in which a few foam-cells were embedded. 
In the later stages (twenty-four to forty-one days after infection) the 
foam-cells often assumed the shape of large spaces separated from each 
other by the cell membranes looking like septa. No genuine tubercles 
or tubercle-like nodules have been observed. 

Tubercle bacilli were found consistently in large numbers, particularly 
in the foam-cells in which they usually appeared as acid-fast granules 
or chains of granules (figures 2 and 4). In Giemsa preparations there 
was a superabundance of red (eosinophile) bacilli in the period following 
the tenth day after infection. Out of 28 specimens, 21 showed eosino- 
phile bacilli and granules either exclusively or in excess. Basophile 
bacilli were seen in one papule of five days’ duration, in 3 of ten days’, 
and in 1 of eighteen, twenty and twenty-seven days’ duration, respec- 
tively. Where basophile bacilli were observed, foam-cells were absent 
or scanty. In one instance bacilli in the foam-cells were eosinophile, 
and those in ordinary mononuclear cells basophile. On the other hand, 
basophile bacilli were seen in foam-cells in a few exceptional cases. 


THE RESPONSE TO HUMAN INFECTION 


The reaction to human infection was similar to that elicited by bovine 
bacilli. The formation of a papule, however, was delayed to the second 
week. Histologically abscesses were observed after eleven days, foam- 
cells after fifteen days. The nodules were smaller than in bovine infec- 
tion. The bacilli were as numerous as in the latter, and most of them 
were eosinophile. Four out of 6 papules contained exclusively eosino- 
phile bacilli or granules. The only basophile bacilli found were in an 
abscess eleven days after infection, and, mixed with an excessive number 


Fic. 1. Site of intracutaneous infection with 1 mg. bovine bacilli after eleven days. High 
power. Abscess with peripheral tissue necrosis. 

Fic. 2. The same after forty-one days. High power. Foam-cells filled with acid-fast 
rods and granules. Ziehl-Neelsen stain. 

Fic. 3. The same after thirty-five days. High power. Accumulation of foam-cells. 

Fic. 4. The same after twenty-two days. Masses of acid-fast granules in foam-cells. 
Ziehl-Neelsen stain. 

Fic. 5. Third reinfection with 1 mg. bovine bacilli, site of reinfection after two days. Low 
magnification. Large abscess and scab. 

Fic. 6. The same after six days. Extensive haemorrhage in abscess. Laidlaw staining 
for red blood cells (appearing black in the picture). 
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of eosinophile bacillary elements, in foam-cells lying in a hyaline-fibrous 
scar, twenty-five days after infection. 


THE REACTION TO AVIAN INFECTION 


The same type of reaction, although much less pronounced than in 
bovine and human infection, was caused by the avian bacillus. There 
was the same sequence of abscess formation and foam-cell accumulation. 
Macroscopically, however, only the trace of a reaction and not a proper 
papule was visible. It appeared in the second week after infection. 
Bacilli were very numerous, usually granular and chiefly found in the 
foam-cells. They were eosinophile, with one exception only. 


COMPARISON OF TISSUE REACTION IN RESISTANT AND IN 
SUSCEPTIBLE ANIMALS 


Eight rabbits and 8 guinea pigs were infected with bovine bacilli 


exactly in the same way and simultaneously with the mice, using the 
same quantity of the bacillary suspension. The site of infection was 
histologically examined after four to thirty-one days. Immediately 
after infection in all animals large abscesses were observed which ulcer- 
ated within six to ten days. In the rabbits caseous necrosis, and in both 
rabbits and guinea pigs proliferation of mononuclear cells were con- 
spicuous after ten days. Genuine tubercles appeared after fourteen to 
eighteen days, being more numerous in the rabbits, but also conspicuous 
in the guinea pigs. There were many tubercle bacilli in the stage of 
abscess formation; they appeared as slender rods. Acid-fast granules 
were sometimes seen in the superficial ulcerating areas. Between the 
tenth and fourteenth day bacilli were scanty, but found in all specimens. 
In Giemsa preparations all bacilli were basophile, and so were the 
granules. Purple and reddish granules were observed in a few excep- 
tional instances in the superficial liquefying layers of the abscess up 
to six days after infection. No tubercle bacilli were found in the 
tubercles. 

The differences between the tissue reaction of the mouse on the one 
hand, and the guinea pig and rabbit on the other, are obvious. The 
lesion elicited in the former is much smaller than that in the latter. In 
these it rapidly progresses to ulceration. The papule observed eight 
days after infection had a diameter of approximately 2 mm. in the mouse 
and one of about 10 mm. in the rabbit and guinea pig. Ulceration con- 
sistently developing in these animals failed to appear in the majority of 
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the mice. Even more marked were the histological differences. No 
proper caseous necrosis was visible in the mice, nor were genuine tubercles 
or proliferation of mononuclear cells observed. Foam-cells, on the other 
hand, never appeared in the rabbit or guinea pig. The behavior of the 
tubercle bacilli differed in a most striking way. In mice, eosinophile 
bacillary elements were prevalent, in guinea pigs and rabbits basophile 
slender rods were observed exclusively after the sixth day. Bacilli were 
scanty or absent in these animals in the later stages after infection, they 
were abundant in the mice up to the latest stages investigated in the 
present series. 
VISCERAL TUBERCULOSIS IN MICE 


The development of visceral tuberculosis was not studied in the 
present experiments. It may be mentioned, however, that some of the 
animals which died during the second month after infection showed a 
large spleen containing accumulations of mononuclear cells with tubercle 
bacilli, and similar, though less definite changes in the liver. Groups of 
alveoli filled with foam-cells were seen in the lungs, the cells containing 
numerous tubercle bacilli, but showing no caseation. Macroscopical 
changes were never seen in the spleen and liver, whereas small or con- 
fluent nodules occurred in the lungs in some instances. 


COMMENT 


Intracutaneous infection with bovine, human and avian bacilli elicits 
in the mouse a typical tissue reaction which may be described as a pro- 
liferation of foam-cells which ingest and convert the tubercle bacilli into 
elements which differ, in their staining properties, from the ordinary 
tubercle bacillus in that they are eosinophile, whereas the latter is 
basophile. I have endeavored to show that the eosinophile bacilli and 
granules (staining red with Giemsa) represent either very young stages 
in the life of the bacillus or inactive or damaged elements (1). It is 
very likely that the excess in eosinophile bacillary elements in the infected 
tissue of the mouse is a histological expression of the natural resistance 
of this animal towards tuberculous infection. This is confirmed by the 
presence of basophile bacilli in the early stages after infection of the 
mouse (up to ten days) which suggests a conversion of basophile into 
eosinophile elements in the tissue. Moreover, the almost exclusive 
presence of basophile bacilli in the tissue of guinea pigs and rabbits, 
infected in the same way and simultaneously with the mice, supports 
this conclusion. 
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Acid-fast granules exceeding bacillary rods have been observed after 
intracutaneous infection of rats and have been interpreted as evidence 
of the destruction of the tubercle bacillus in the tissues of this animal 
which shares its high natural resistance to tuberculous infection with 
the mouse (2). After intravenous infection of the rat, epithelioid cells 
were observed in the organs, notably in the lungs, which contained 
yellowish brown lipoid droplets as well as non-acid-fast granules which 
occasionally appeared in chains the length of a tubercle bacillus. Such 
granules were seen in all animals which had been immunized with heat- 
killed bacilli before infection, and in the spleens of a number of animals 
one month after infection. (Hehre and Freund (3)). These observa- 
tions, however, do not allow any definite conclusions, because numerous 
well preserved and viable bacilli were visible in the same sections, mixed 
with the granules. The pictures obtained in the present investigation 
with Giemsa’s staining are proof of a conversion of the fully viable 
bacillus into more primitive and degenerated elements in the tissue of an 
animal with high natural resistance to tuberculosis. 

This is based on purely histological evidence, but is important in view 
of the bacteriological investigations which have shown that fully virulent 
bacilli are recoverable from all organs of the rat after intravenous in- 
fection (4 to 7). Absence of caseation, a slight degree of tuberculin 
hypersensitivity and the long persistence of unchanged tubercle bacilli 
in the tissues of the infected rat have recently been brought into causal 
relationship (8). It was even supposed that bacilli multiply in the tis- 
sues of the infected mouse and, after multiplication, persist without 
eliciting any appreciable tissue reaction. It emerges from the present 
histological work, however, that the tubercle bacillus undergoes definite 
morphological changes and elicits a tissue reaction with marked charac- 
teristics of its own. The number of bacilli and bacillary elements in the 
present material was definitely reduced in the later stages. Granules 
which had to be regarded as degenerated elements prevailed. They 
have not been mentioned by Lurie (8) who stresses the sparse destruction 
of tubercle bacilli in the foam-cells of the rat in contrast to the rapid 
disappearance of bacilli in the epithelioid cells of the rabbit and guinea 
pig. There is no doubt that inoculated tubercle bacilli persist in the 
tissue of the mouse and rat much longer than in that of animals with 
less natural resistance to tuberculous infection. In spite of its morpho- 
logical changes the bacillus is not completely destroyed in the former. 
Apparently a fully viable bacillus can develop out of the eosinophile 
granules and rods found in the infected tissue. This and the presence of 


EXPERIMENTAL TUBERCULOSIS 65 


fully viable (basophile) bacilli in most instances account for the positive 
result of attempts at recovering a virulent bacillus from the organs of 
the mouse and rat by culture and animal experiment (further discussion 
of this point later in this paper). 

There are other signs of natural resistance expressed by the tissue 
reaction. There is first of all the absence of caseation and tubercle 
formation. This has been observed already by the Royal Commission 
(Cobbett (9)), and the majority of authors agree to the absence of 
caseation (2, 3,4, 10, 11, 12). Epithelioid cell tubercles, however, have 
been described several times (10, 12, 2, 3), and so have giant cells (4, 6, 
10, 11). I have observed no tubercles in the skin. Even mononuclear 
cell proliferation was not conspicuous in this tissue, although groups of 
these cells are met with regularly in the spleen and liver of the mouse. 

Ulceration, although not observed by Spieler (2), occurred in some 
instances in the present material. 

How far is the foam-cell a histological sign of natural resistance, and 
can it be held responsible for the partial destruction and gradual reduc- 
tion of tubercle bacilli? Foam-cells have been described as the essential 
component of the tissue reaction in tuberculosis of the rat, in the lung 
(11) and also in the spleen and liver (13), but not yet in the skin. They 
have been characterized as ‘‘immature epithelioid cells” (8). They have, 
however, not been mentioned by those authors who describe the granular 
forms of the tubercle bacilli in the tissues of the mouse and rat (2, 3). 
In the present material the foam-cells were obviously connected with the 
granular and eosinophile elements of the tubercle bacillus. Most of 
the eosinophile granules and bacilli were found in foam-cells which con- 
tained basophile elements in exceptional instances only. The foam-cell 
is the proper tissue element responding to tuberculous infection in the 
mouse. It is not only a product of bacillary degeneration and ingestion 
of bacillary debris. This is borne out by the early appearance of the 
foam-cells, eight days after infection, and the not infrequent occurrence 
in them of bacilli not disintegrated. On the other hand, a process of 
bacillary decomposition seems to take place in the foam-cell, and there 
are pictures suggesting an increase in cellular lipoid owing to the dis- 
integration of the bacillus. 


ALLERGY AND ALLERGIC IMMUNITY IN TUBERCULOSIS OF THE MOUSE 


It is generally recognized that allergic reactions hardly occur, or are 
at least inconspicuous in the tuberculous infection of animals with high 
natural resistance. There is no tuberculin hypersensitiveness (14), nor 
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can a Koch phenomenon be elicited (5). Systemic reactions following 
tuberculin administration have, however, been described especially in 
infected and vaccinated rats, and also an increase in the antibody titre 
after tuberculin treatment (Hehre and Freund (3)). No appreciable 
immunity to virulent intravenous infection was obtained by previous 
virulent or avirulent infection (15). The influence of allergy on the 
tuberculous tissue reaction has apparently not been examined in natu- 
rally resistant animals. 

I have studied the effect of intracutaneous reinfection. In the first 
series in which bovine bacilli were used for infection and reinfection, 


Uleer CHART 1: Infection and Reinfection of mice with ioe 
acilli 
—_— Infected Controls (30) 
— 1% Reinfection 
---- Reinfection 


Days 


definite differences were observed in the course of the first and subsequent 
infections. A small papule appeared four days after infection, a large 
papule was visible on the first day after reinfection and followed by 
scab formation three to four days later. On the twelfth day a scar had 
taken the place of the scab, when a papule or an ulcer was still visible in 
the animals infected for the first time (chart 1). Although identical 
in principle, the effect of reinfection was slightly different in one of the 
series: in this, second reinfection elicited a large papule on the first day 
when only a trace or no reaction at all was observed in the controls. 
No scab appeared in this series. 

It emerges from these experiments that reinfection is followed, in the 
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naturally resistant animal, by the same acceleration and intensification 
of response as in the nonresistant animal. It must be admitted, how- 
ever, that the reaction is much less conspicuous and consistent in the 
animal with high natural resistance, and that a typical wheal phenom- 
enon was observed in two exceptional instances only. Nevertheless 
the same intersecting curves of infection and reinfection as in the guinea 
pig are observed in the mouse. 


CHART 2- Infection and Reinfection of mice with 
human tubercle bacilli. 


— Infected Controls (7) 
— 1 Reinfection 
---- Reinfection 
4" Reinfection 


large Papule 


In a second series, reinfection with human bacilli gave a picture 
similar to that of bovine reinfection. A papule appeared after three days 
and disappeared between the fifteenth and twentieth day, in contrast to 
the papule following first infection which was visible only after fifteen 
days. In principle the same picture was observed after a first, second 
and fourth reinfection (chart 2). 

In a third series, reinfection with avian bacilli led to papule and scab 
formation within three to six days. No scab and only a small papule 
was observed nine to thirteen days after first infection with avian bacilli. 

The greater size of the site of reinfection and the more pronounced 
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leucocytic and fibrinous exudation with tissue necrosis were the features 
differentiating bovine reinfection and first infection in the histological 
picture (figure 5). In two specimens, haemorrhage into the abscess 
was very conspicuous six days after reinfection (figure 6). Foam-cell 
production was less marked in bovine reinfection than in first infection 
with bovine bacilli. Accordingly the number of basophile bacilli was 
larger in the former. Bacilli were always found in large numbers. In 
human reinfection the histologically visible focus was usually smaller 
than in first infection with human bacilli, foam-cells being very numerous 
and bacilli scanty. Avian reinfection did not differ histologically from 
first infection with avian bacilli. 

It may be concluded that tuberculous reinfection elicits in an animal 
with high natural resistance a reaction different from that following first 
infection, although the differences are largely quantitative in character. 

Finally an attempt was made at determining whether the state of 
allergy affects in any way the fate of the bacilli used for reinfection. 
For this purpose pieces of liver, spleen and lung from 18 animals which 
had received one or several intracutaneous bovine infections, and six 
weeks later an intracutaneous reinfection with human bacilli, were 
ground in the mortar, mixed and cultured on Loewenstein’s medium 
eleven to twenty-eight days after reinfection. In eleven instances 
eugonic and rough colonies were obtained which were regarded as human 
bacilli. In 3 cases dysgonic cultures with all cultural characteristics 
of bovine bacilli, and in 4 cases no bacilli at all were grown. Six out of 
7 control examinations, eleven to twenty-eight days after primary 
infection with human bacilli, yielded a positive result. An appreciable 
influence of the allergic state on the fate of reinfecting bacilli was there- 
fore not demonstrable. | 

In 9 cases the organs were examined in animals which had received a 
human primary and seven to twenty-two days later an avian reinfection. 
In 3 of them mixed cultures of human and avian colonies were recovered, 
in 5 cases colonies with the character of human bacilli alone and in one 
case no colonies at all. Out of 4 control examinations in animals in- 
fected with avian bacilli, 3 were positive. In this series an influence of 
allergy on the fate of the avian bacilli might be assumed provided that 
colony morphology alone could be regarded as a reliable criterion for the 
differentiation of avian and human strains. As, however, further in- 
vestigations of the 5 cases with human colonies alone were not made, 
the simultaneous presence of avian bacilli cannot be excluded, and there- 
fore the result cannot be evaluated. 
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SUMMARY AND CONCLUSIONS 


1. Intracutaneous infection with bovine, human and avian tubercle 
bacilli elicits in the mouse a typical tissue reaction in which the pro- 
liferation of foam-cells is the most conspicuous feature. In these, the 
tubercle bacilli, originally basophile, are converted into eosinophile rods 
and granules, that is, elements with reduced viability. In spite of its 
long persistence the bacillus undergoes, therefore, definite morphological 
changes in the tissue of the mouse. These changes are absent in the 
tissue of animals with low natural resistance against tuberculosis. 

2. Differences from the tissue reaction to tuberculous infection in 
animals with low resistance (guinea pigs and rabbits) include: absence of 
caseation and tubercle formation, whereas ulceration occurred in several 


cases. 
3. Reinfection is followed, in the animal with high natural resistance, 
by the same acceleration and intensification of response as in the non- 
resistant animal, although typical wheal phenomena were observed in 
exceptional instances only. 
4. There is in the mouse no appreciable influence of allergy on the fate 
of bacilli used for reinfection. 


The author wishes to acknowledge his indebtedness to Mr. Norman M. Matheson, 
F.R.C.S., of the Central Middlesex County Hospital, for kindly reviewing the paper and 
offering suggestions and to Mr. F. L. Boot for technical assistance. 
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ELIMINATION OF VIRULENT TUBERCLE BACILLI BY THE 
NORMAL KIDNEY OF THE GUINEA PIG! 


DIRAN YEGIAN 


Some observers hold that a tuberculous lesion is present in the kidney 
when the organ eliminates tubercle bacilli. This view is supported by 
clinico-pathological studies and by the experimental work of Medlar 
and Sasano (1), Band (2), Gaiginsky and Petresco (3), Lieberthal and 
Von Huth (4), and others. Medlar and Sasano inoculated guinea pigs 
subcutaneously with a suspension of tubercle bacilli. After the disease 
had become fully established, the urine was collected and inoculated 
into healthy guinea pigs. In every instance where the urine of the 
animal contained tubercle bacilli, serial sections showed the presence of 
renal tuberculosis. They concluded that the presence of tubercle bacilli 
in the urine means renal tuberculosis, provided the other structures of 
the genitourinary tract are healthy. Other investigators, however, 
believe that tubercle bacilli may be eliminated by the normal kidney. 
The confirmatory clinical and pathological studies of Deist (5, 6), 
Foulerton and Hillier (7), Noyes (8), Von Rihmer (9), and others should 
be accepted with reserve, for in no instance were complete serial sections 
made of both kidneys. Tsuge (10) injected rabbits intravenously with 
0.02 mg. of human tubercle bacilli. Five minutes after the intravenous 
injection, the urine, collected by catheter, was free from red blood cells 
and contained tubercle bacilli. The animals were sacrificed five hours 
after the intravenous injection and no changes were found in the kid- 
neys on histological examination. The results of other investigators, 
who, like Tsuge, obtained the urine by catheterization or by puncture 
of the bladder should be interpreted with caution since the capillaries 
may be ruptured by such procedures, allowing tubercle bacilli to escape 
into the urine. | 

It seemed advisable, therefore, in the present study, to recover the 
urine by some procedure which would exclude the possible sources of 
error inherent in previous investigations. Instrumentation can be 


1 From the New York State Hospital for Incipient Pulmonary Tuberculosis, Ray Brook, 
New York. 
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avoided in guinea pigs, for it is possible to induce urination by gentle 
pressure with the fingers over the region of the bladder. This was the 
method selected at first for the collection of the urine. Later the ani- 
mals were allowed to urinate spontaneously, which met the objection 
that the pressure exercised by the fingers might traumatize the bladder. 
However, if no specimen of urine was obtained within fifty minutes, 
then urination was induced. 

For the proper interpretation of the experiments presented below, 
it was essential first to examine the urine of normal guinea pigs for the 
presence of bacteria which might be mistaken for tubercle bacilli or 
produce lesions similar to the tubercle. The examination of the normal 
urine showed no acid-fast bacilli, but disclosed bacteria including Gram- 
negative bacilli and cocci. Eight healthy guinea pigs were injected 
intraperitoneally with specimens of urine containing these bacteria. 
Six weeks later the animals were sacrificed and at necropsy the organs 
appeared natural. It was also noted that in some of the normal animals 
dessicated secretions were present on the vulva and prepuce. The 
examination of this material microscopically revealed acid-fast bacilli 
morphologically indistinguishable from the tubercle bacillus. This 
organism was cultivated, and a heavy suspension which was introduced 
into the peritoneal cavity of healthy guinea pigs did not produce disease 
nor sensitize the animals to tuberculin. The possibility that these non- 
pathogenic acid-fast bacilli? might escape into the urine and be confused 
with the tubercle bacillus, made it advisable to rely solely on animal 
inoculation for the demonstration of tubercle bacilli. 

The healthy guinea pigs employed in the present study did not re- 
spond to an intracutaneous injection of Old Tuberculin a few days be- 
fore the experiment. 

The first experiment comprised 21 healthy guinea pigs. 

Procedure: Young cultures of human tubercle bacilli, strain H37* cul- 
tivated on Long’s synthetic medium, were transferred to a sterile agate 
mortar, ground for an hour and placed in the incubator over night. 
Each animal received an injection into the heart or right jugular vein 
of 2 cc. of the supernatant portion of the suspension containing for the 
most part isolated tubercle bacilli. The animal was then placed in a 


2 The culture was sent to the American Type Culture Collection at Washington, D. C. 
and Dr. Mario Mollari has kindly informed me that it is an acid-fast organism which has the 
same characteristics as the Mycobacterium smegmatis in man. 

3 The strain was kindly provided us by the Saranac Lake Laboratory. 
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cone (figure 1), caudal end protruding about one inch, and retained in 
this position until urination occurred spontaneously or was induced by 
gentle pressure over the bladder. In order to stimulate urination, each 
animal, one hour previous to the intravenous injection of tubercle bacilli, 
was given water through a pipette every five minutes (total amount ap- 
proximately 25 cc.). The urine was collected in a sterile glass container 
and carefully searched for the presence of red blood cells. A few red 
blood cells were found in the urine in 2 instances where urination was 
induced, and these animals were excluded from the experiment. The 


Fic. 1 


remaining 19 animals were sacrificed a few minutes after the specimen 
of urine was collected. On gross examination the organs were normal 
in appearance. On microscopical examination acid-fast bacilli were 
found widely scattered throughout the organs of the thorax and abdo- 
men; in the kidney they were distributed singly or in groups of from two 
to five. In 10 of the animals of this series, smears were made from the 
cut surface of both kidneys to discover if bacteria aside from tubercle 
bacilli were present, for such bacteria might possibly influence the elimi- 
nation of tubercle bacilli. Staphylococci were recovered in one instance, 


and this animal was excluded. 
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Three of the 21 guinea pigs in this group were excluded for reasons 
described above. The results of the experiment in the remaining 18 
animals are presented in table 1. A specimen of urine was collected 
from each animal within ten to fifty minutes following the intravenous 
injection of tubercle bacilli. Each specimen of urine was injected in- 
traperitoneally into a healthy guinea pig. ‘These animals were sacrificed 
eight weeks later and 16 presented generalized tuberculosis. Cultures 
from the lesions of a number of these animals revealed organisms con- 


TABLE 1 


| | m1cROSCOPI- 
| CAL EXAM- | INOCULATION OF COLLECTED 
MODE OF COLLECTION) INATION OF URINE INTO GUINEA PIGS 
OF URINE URINE FOR 
ACID-FAST 
BACILLI Autopsy 


minutes 
Intracardial 10 Induced + Positive 
Jugular 15 Spontaneous Positive 
Jugular 15 Spontaneous Positive 
Jugular 30 Induced Positive 
Jugular 30 Induced Negative 
Intracardial 30 Induced Positive 
Jugular 30 Spontaneous Positive 
Intracardial Spontaneous Positive 
Intracardial Spontaneous Positive 
Intracardial Induced Negative 
Jugular Spontaneous Positive 
Jugular Spontaneous Positive 
Jugular Induced Positive 
Jugular Induced Positive 
Jugular Spontaneous Positive 
Jugular Spontaneous Positive 
Jugular Induced Positive 
Intracardial Spontaneous ++ Positive 


i 


F 

M 
M 
M 
M 
M 
M 
M 
F 

M 
M 
M 
M 
M 
M 
M 
M 
F 


forming in morphology and cultural characteristics to the tubercle bacil- 
lus, strain H37, employed for the intravenous injection. 

The foregoing experiment concerned healthy nonsensitized animals, 
but the results may be different in sensitized animals, since it is generally 
held that in the sensitized animal the bacilli tend to become fixed in the 
tissues. It seemed advisable, therefore, to compare the elimination of 
tubercle bacilli in healthy animals with that in sensitized animals. 

Eight normal guinea pigs were sensitized by injecting into the groin 
1 cc. of a heavy suspension of avirulent tubercle bacilli, strain R1. 
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Six weeks later all the animals reacted positively to an intracutaneous 
injection of Old Tuberculin. From this point the experiment was con- 
ducted in exactly the same manner as the previous experiment, including 
the preparation of the suspension of tubercle bacilli, the amount of 
suspension employed for the intravenous injection, and the method 


TABLE 2 


| | 
| | MICROSCOPI- 
| CAL EXAM- | INOCULATION OF COLLECTED 


| 

| | TIME | MODE OF COLLECTION! INATION OF | URINE INTO GUINEA PIGS 
| SEX [ROUTE OF INJECTION) URINE | on FoR 


NUMBER | OBTAINED ACID-FAST 


BACILLI OT | Autopsy 
| 


minutes 
Jugular 20 Spontaneous Positive 
Jugular 30 Spontaneous Positive 
Jugular 30 Spontaneous Negative 
Jugular 40 Induced Negative 
Jugular 45 Spontaneous Negative 
Jugular 45 Spontaneous Negative 
Jugular 50 Induced + Positive 
Jugular 50 Induced + Negative 


TABLE 3 


CAL EXAM- | INOCULATION OF COLLECTED 


| 


| TIME URINE INTO GUINEA PIGS 
SEX |ROUTE OF INJECTION) URINE eo OF COLLECTION) INATION OF 
La OF URINE URINE FOR 


ACID-FAST 
} BACILLI Autopsy 


minutes 
Jugular 10 Spontaneous 
Jugular 50 Induced 

Jugular 45 Spontaneous 
Jugular 30 Spontaneous 
Jugular 10 Spontaneous 
Jugular 8 Spontaneous 
Juguiar 25 Spontaneous 
Jugular Induced 

Jugular | 40 Induced 


Positive 
Positive 
Negative 
Positive 
Positive 
Positive 
Positive 
Positive 
Negative 
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adopted for the collection of the urine. The results are presented in 
table 2. The specimens of urine were collected from twenty to fifty 
minutes following the intravenous injection of tubercle bacilli, and 3 
of the 8 specimens contained tubercle bacilli as demonstrated by animal 
inoculation. The number of sensitized animals that eliminated tubercle 
bacilli in the urine was relatively less than in the nonsensitized group, 
and for that reason it seemed advisable to repeat the experiment. 
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Nine sensitized guinea pigs were used in repeating this experiment 
(table 3). Of this number, 7 eliminated tubercle bacilli in the urine 
within eight to fifty minutes following the intravenous injection of tuber- 
cle bacilli. In this group of sensitized animals, the proportion that 
eliminated tubercle bacilli was approximately the same as in the healthy 
nonsensitized animals. 

Pathologists are agreed that the initial cellular changes leading to the 
formation of the tubercle do not occur within the first hour following the 
implantation of the tubercle bacilli into the tissues, assuredly not within 
ten minutes. The conclusion, therefore, seems justified that the normal 
kidney of the guinea pig can eliminate virulent tubercle bacilli, and that 
these organisms likewise can be eliminated by the kidney of sensitized 
guinea pigs. In these animals, sensitization of the tissues apparently 
does not influence the elimination of tubercle bacilli by the kidney. 
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AXILLARY APPROACH FOR EXTRAPLEURAL PNEUMO- 
NOLYSIS AND PNEUMOTHORAX! 


MINAS JOANNIDES? anp OTTO C. SCHLACK? 


Extrapleural pneumonolysis consisting of subfascial pleurolysis and 
the formation of a dead space in the chest cavity for the purpose of 
compression of the underlying lesion of the lung has been spuriously used 
in America since its introduction by Tuffier (1) in 1891. This operation 
followed with a paraffin pack has been considered unfavorably by the 
majority of collapsotherapists because of the annoying complications 
produced by the paraffin that acts asa foreign body. With the presenta- 
tion of Belsey’s paper (2) and also that of Overholt and Tubbs (3) in 
this country on the use of air as the compressing agent, the procedure 
received a new impetus and is promising to eclipse the operation of 
thoracoplasty. Axillary approach for this operation has been suggested 
by Evarts A. Graham (4) in connection with plombage and in his text- 
book on Surgical Diseases of the Chest, he states: ‘‘Extrapleural pneu- 


monolysis has been carried out through axillary incision, through an 
anterior incision and through a paravertebral incision.” 

The obvious advantages of this type of pulmonary collapse over 
thoracoplasty are as follows: 


1: The thoracic cage is not deformed, and, with the exception of a small scar 
in the skin, it is not noticeable by the average person and, consequently, it is 
preferred by the patient. 

2: The collapse may be discontinued at any time should a necessity arise for 
a reéxpansion of the lung. 

3: The procedure itself is not as shocking as that of thoracoplasty so that the 
chances for recovery are greatly enhanced. 

4: An optimum result may be obtained in one stage operation, thereby 
eliminating a prolonged invalidism on the part of the patient. 

5: Although intrapleural symphyses are the usual indications for such a pro- 


1 Presented at a testimonial meeting in honor of Dr. Evarts Ambrose Graham, Bixby 
Professor of Surgery, Washington University School of Medicine, St. Louis, Missouri, Octo- 
ber 11, 1939, in honor of his twentieth anniversary as Professor of Surgery. 

2 3810 North Broadway, Chicago, Illinois. 

* Cook County Tuberculosis Hospital, Oak Forest, Illinois. 
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cedure, these adhesions do not interfere with the satisfactory stripping of the 
parietal pleura from its bed, except in a very small number of cases in which 
a thoracoplasty must be resorted to. 


After hearing Belsey’s paper and that of Overholt and Tubbs at the 
meeting of the American Association for Thoracic Surgery in Atlanta 
in 1938, we were quite favorably impressed with the advantages of this 
operation. At first we were skeptical about possible complications 
arising from the exposure of the unprotected endothoracic fascia, the 
internal mammary artery, the thoracic duct and the contents of the 
mediastinum to a foreign body such as air. However, after dissection 
of a dozen fresh normal and tuberculous cadavers, we were pleasantly 
surprised to discover the ease with which the parietal pleura can be 
stripped without the use of special equipment. We have used this 
method in 24 patients and out of this number only one patient has 
presented adhesions of such great density that we felt it was dangerous 
to complete the pneumonolysis and resorted to a thoracoplasty. In the 
remaining 23 we obtained a satisfactory collapse and had no difficulty 
in stripping the pleura with the dissecting finger. 

Appreciating the value of apicolysis, we worked out an approach to 
the dome of the chest through an incision made for phrenic nerve opera- 
tion or scaleniotomy (5). The present approach, however, offers a 
greater opportunity for proper dissection in cases which present a greater 
area of disease, not restricted to the apex alone. 

Because in the majority of cases the tuberculous lesion is found in the 
upper half of the lung, the axillary approach, as suggested here, offers a 
more satisfactory result since one can reach the anterior as well as the 
posterior mediastinum with great ease. It is needless to say that the 
apex of the lung can be reached most readily through this route. By the 
exertion of a slight downward pressure on the lower adjacent rib during 
the dissection it is possible to reach clear down to the diaphragm. It is 
best not to carry the dissection too close to the mediastinum in order 
to avoid exposure of the mediastinal contents. 


TECHNIQUE 


A preliminary medication of 3 grains of amytal sodium is given by 
mouth two hours before operation. A hypodermic injection of § grain 
of morphine sulphate is given forty-five minutes before the operation. 

With the patient lying on the better side, and with the arm stretched 
directly over the head so that it lies over the lobe of the ear, a satisfactory 
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exposure of the axillary area is obtained. The edges of the pectoralis 
major muscle anteriorly and the latissimus dorsi muscle posteriorly now 
become prominent. The second rib is localized by determining the junc- 
tion between the manubrium sterni and the body of the sternum. The 
area to be incised is now infiltrated with 1 per cent procaine hydrochloride 
solution. The infiltration is carried down to the chest wall. The lower 
borders of the second, third, fourth and fifth ribs are localized with the 
finger and procaine solution is injected at the postaxillary line to block 
the intercostal nerves. Starting at the pectoral ridge at the level of 
the second rib an oblique incision is made downward and posteriorly 
towards the ridge of the latissimus dorsi and is extended down to the 
fifth rib. 

The vessels as well as the long thoracic nerve are protected from 
injury at this area by the use of blunt dissecting scissors. The fascia of 
the latissimus dorsi muscle and the serratus anterior muscle are incised 
and the dissection is carried down to the bundles of the serratus anterior. 
The third or the fourth rib is now localized and the fibres of the muscle 
are split just over the rib. In patients with long chests the fourth rib 
may be exposed. In patients with an average size chest, the exposure 
of the third rib is preferable. The exposed periosteum is now incised 
and is stripped so that about 8 to 10 cm. of the rib becomes exposed. The 
rib is then cut and the stumps trimmed to avoid tears in the glove or 
possible injury to the dissecting finger from sharp spicules that may be 
left on the stump of the rib. The intercostal muscles above and below 
are now gently peeled off (see figure 1) and the stripping is extended cir- 
cularly as far as it is desired. Care must be taken to keep the dissecting 
finger in close contact to the undersurface of the chest wall to avoid 
tearing the redundant dissected pleura. In the presence of dense under- 
lying adhesions, the dissecting finger may encounter a resistance at the 
line of cleavage. At this point we found it safer to dissect around this 
area of resistance and eventually peel off this resistant pleura. Undue 
pressure over such an area or the use of sharp instruments may cause a 
tear in the lung and expose an underlying active tuberculous lesion 
with a subsequent bronchial fistula. The dissection is extended up to 
the dome of the chest and down to the vicinity of the diaphragm. The 
dissection should be carried out with the base of the wound in full view 
by proper lighting. Overhead light in most cases is all that is necessary. 
Any oozing of blood is sponged by using torpedo sponges. So far it 
has not been found necessary to resort to ligature for haemostasis. After 
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the lung has been satisfactorily loosened, the space produced is washed 
with warm physiological saline and aspirated until the contents show no 
bloody color. A soft rubber catheter with a diameter of 18 to 20 French 
gauge is now inserted into the space just deep enough to be free and not 


Long thoracic n. 


Fic. 1. Diagrammatic sketch showing steps of operation 


be in contact with the lung, thus avoiding possible injury to the lung 
from pressure that may be exerted from contact. If the insertion of a 
catheter is not considered desirable, the wound may be closed and the 
subsequent irrigation may be carried out by the use of an 18 gauge 
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needle. It is possible that the use of a catheter may produce a fistulous 
tract, which would be the source of failure of the operation because of 
possible inability to maintain a positive pressure in the space produced 
by the dissection. The intercostal muscles are then approximated with 
interrupted ten-day chromic catgut sutures. The overlying tissues 
are sutured with a continuous suture in layers, namely the fascia of the 
muscles, the subcutaneous tissue and the skin. Through the catheter, 
the space is then filled with warm physiological saline until the solution 
reaches the outer opening of the catheter. The latter is then clamped 
with a screw or pinch clamp and is buried in the dressings. The space 
is refilled with enough saline three times daily for the first three to five 
days. (See figure 1.) After the fifth day, the space is irrigated with 
saline or 1 to 3,000 solution of azochloramide once a day and air is in- 
jected through the catheter. By the seventh day the catheter is re- 
moved and the irrigation and injection of air is carried out with a 3 inch 
18 gauge needle once a day for four to five more days. If there is com- 
plete healing of the superficial tissues and no tendency to subcutaneous 
emphysema, the air is injected under gradually increasing pressure so 
that an average of 50 cm. of water is maintained. The frequency and 
the amounts of the refills are determined by the clinical picture, the 


roentgenological and the manometric findings during each refill. 


DISCUSSION 


Extrapleural pneumonolysis with subsequent pneumothorax is a pro- 
cedure which is bound to gain greater popularity as times goes on. It will 
assist the collapsotherapist to offer the advantages of pneumothorax to 
a larger number of patients with pulmonary tuberculosis. Though some- 
what more drastic than intrapleural pneumothorax, it is safer than 
thoracoplasty. This operation should be considered as a major operation 
and should not be attempted on patients who have the usual contra- 
indications for a major surgical operation. Indiscriminate use of this 
operation in patients who are very toxic or have extensive bilateral 
lesions will be the source of bad results and condemnation of such a 
simple and useful procedure. It may aid a large number of patients who 
otherwise may not be benefited. 

The advantages of the axillary approach may be enumerated as 
follows: 

1. The adherent lung can be easily reached in most cases without the 
necessity of injuring the pectoral muscles or the trapezius muscle. 
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2. The sensitive patients will not have to make excuses for unsightly 
scars in the front or the back of the chest. They can hide the scar with 
the clothes and, when undressed, with the arm. 

3. It does not become necessary to disturb the patient for changing 
of dressings and irrigations during the first few postoperative days. The 
axilla can be easily reached by a slight abduction of the arm. 

4. There is very little trauma to the tissues in the axillary area so 
that the patient is not exposed to an undue degree of traumatic shock. 

5. If care is taken during the operation not to exert any excessive 
pressure over the brachial plexus, there is little or no postoperative 
pain in the arm. 

6. No claim is made as to originality for this approach. However, 
it is our earnest desire that the axillary approach be considered seriously 
in a larger number of patients, in the hope of offering more to such 
patients who otherwise may be destined to have any eventual progression 
of their pulmonary tuberculosis neglected. 


The authors wish to acknowledge credit for assistance given by their associates, Dr. 
John J. Freeman and Dr. Henry E. Mehmert, at Cook County Tuberculosis Hospital, Oak 
Forest, Illinois, and Dr. Louis J. Miller at Illinois Masonic and Alexian Brothers Hospitals. 


REFERENCES 


(1) Turrrer, T.: Traité de Chirurgie de la Tuberculose Pulmonaire: Monographies Cliniques 
1910, No. 59; Idem., Arch méd.-chir. de l’app. respir., 1926, 1, 28. 

(2) Betsey, R.: Extrapleural pneumothorax, J. Thoracic Surg., 1938, 7, 575. 

(3) OverHo tt, R. H., AND Tusss, O. S.: Extrapleural pneumothorax in the treatment of 
pulmonary tuberculosis, Ibid., 1938, 7, 591. 

(4) Granam, E. A., SINGER, J. J., AND BALLON, H. C.: Surgical diseases of the chest, Lea & 
Febiger, Philadelphia, 1935, p. 990. 

(5) Joannipes, M., AND SHAPIRO, P.: Extra-intrapleural supraclavicular apicolysis, J. 
Thoracic Surg., 1934, 3, 315. 


4 
t 
t 


THE CONTRALATERAL LUNG AFTER THORACOPLASTY! 


MAX FINKELSTEIN anp ALBERT GUGGENHEIM 


In selecting patients with pulmonary tuberculosis for thoracoplasty, 
the condition of the contralateral lung deserves close attention. In 
the majority of instances in which operation is thought inadvisable, it 
is the disease in the better lung, or the sequelae of such disease, that 
provide the contraindication. It may be agreed, without question, 
that extensive involvement of the less involved lung makes it impossible 
to operate with any hopes of cure or improvement. Such extensive 
bilateral involvement has often resulted in such a degree of impairment 
of respiratory function, that the maintenance of adequate pulmonary 
ventilation would be impossible after operation. The cardiac status is 
also unfavorably affected by extensive pulmonary disease, so that in 
many cases the strain of the operation could not be survived, or the re- 
sult of thoracoplasty might be chronic invalidism due to cardiac decom- 
pensation or early death of heart failure. Unfavorable developments 
such as these may occur if the better lung is the seat of an active tuber- 
culous process, but may also occur if the disease is clinically and patho- 
logically arrested, and only such sequelae as pulmonary fibrosis and 
emphysema remain. 

The situation is quite different if the better lung is the site of a process 
of limited extent, whether active or healed. Then the respiratory and 
cardiac mechanisms may be sufficiently well preserved, so that thoraco- 
plasty might in many instances be tolerated very well. The question 
arising under these conditions is whether the disease process in the 
contralateral lung would be favorably or unfavorably affected by the 
anaesthetic, the operative trauma and the local and general effects fol- 
lowing surgical collapse of part or all of the more extensively diseased 
lung. Providing that the status of the contralateral lesion is not made 
worse by the operation, it would seem that thoracoplasty is indicated 
in such cases. If it should be shown that certain types of contra- 


1 From the Medical Department of the National Jewish Hospital, Denver, Colorado, Dr. 
Charles J. Kaufman, Medical Director. 
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lateral disease are unfavorably affected by such procedure, operation 
must of course be refused to individuals having disease of this nature. 

Considering the importance of the subject, surprisingly little attention 
seems to have been given to a systematic study of this problem. The 
rule that patients with bilateral active disease should not be operated 
upon has been almost universally accepted, but the basis on which this 
rule has been propounded is not obvious from the published literature. 
The great majority of reports of the results of thoracoplasty are con- 
cerned with operative results on mortality, sputum conversion and cure, 
so presented that the part played in the outcome by the uncollapsed 
lung is not clear. In most of the reports, the preoperative condition 
of the contralateral lung receives scant mention, and if mention is 
made of it, rarely does one find the description sufficiently detailed 
so that the exact nature of the disease can be understood. There is, 
furthermore, the added difficulty that in many instances it is difficult to 
determine whether the process in the contralateral lung is active or not. 
This is well illustrated by the practice of Sauerbruch (1), who adopted 
the device of performing a phrenic paralysis on the side which he pro- 
posed to collapse, in order to test the stability of the lesion in the other 
lung. If an exacerbation occurred, no operation was done; if the contra- 
lateral lesion remained unchanged, thoracoplasty was performed after 
several weeks. Alexander (2) states that this procedure is of little value. 
He believes that arrested or quiescent contralateral lesions are no bar to 
operation, provided they do not impair respiratory function, but that 
even small progressive exudative lesions in the better lung are prone to 
more rapid progression after operation. He recommends temporary 
phrenic paralysis or pneumothorax to control the contralateral disease 
and the deferring of operation until this disease has become inactive. 
Fourestier (3), in discussing the effect of various types of surgical col- 
lapse on the lesions in the contralateral lung, states that nodular lesions 
and fresh ulcerations do not contraindicate thoracoplasty. He quotes 
Ziegler (4), who operated on 40 unilateral and 46 bilateral cases with 
similar results in the two groups. Herms (5) states that small early 
cavitation in the contralateral lung does not contraindicate operation. 
Bernou and Fruchaud (6) report 41.6 per cent of apparent healing and 
21.6 per cent of improvement among 36 bilateral cases operated upon 
by them. 

De Winter and Sebrechts (7) have reported the results of operation 
on 181 cases, 58 of which had bilateral disease. In 13 of these the im- 
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mediate effect on the contralateral lesion was good, but this was tem- 
porary in most instances, and contralateral collapse therapy had to be 
employed finally for the majority. Jessen (8) operated on 29 cases 
with bilateral disease, more than half of whom had bilateral cavitation. 
He reports complete recovery in 7, improvement in 11, no change in 3 
and death in 8. There were 2 postoperative deaths and 6 late deaths. 
The responsibility of the uncollapsed lung for the unfavorable results is 
not given. Schoen and Szanto (9) state that arrested lesions do not 
show exacerbation or progression following thoracoplasty on the opposite 
lung. Far advanced lesions and soft, disseminated lesions, they de- 
clare to constitute absolute contraindications to operation. Pneumo- 
thorax prior to operation is recommended for the contralateral lung con- 
taining such lesions. Bernou, Veran and Marecaux (10) have reported 
8 cases with bilateral cavitation, in whom the cavity in the uncollapsed 
lung closed following operation. In 2 cases, contralateral collapse 
therapy was later found necessary, because of the reopening of the cav- 
ity. These authors noted, in some of their cases, that a pericavernous 
exacerbation preceded cavity closure. 

In a number of clinics, pneumothorax has been used to control the 
contralateral lesion, prior to thoracoplasty. Pollock (11) reported 3 
cases treated in this way, with postoperative recovery. Only partial 
thoracoplasty could be done on these cases. One case had contralateral 
pneumothorax begun after thoracoplasty. Coryllos and Ornstein (12) 
advocate the use of diagnostic pneumothorax if there is any suspicion 
of cavitation in the less involved lung. If no cavity is seen, their 
practice is to abandon the pneumothorax prior to operation, but if a 
cavity is visualized by this procedure, pneumothorax is maintained and 
the other lung collapsed by thoracoplasty. They have reported 16 
cases subjected to thoracoplasty while having a contralateral pneumo- 
thorax. These patients had 22 episodes of superimposed spontaneous 
pneumothorax, and 4 patients died of this complication. In several 
more cases, there was a transient massive infiltration of the lung com- 
pressed by pneumothorax, with very severe and alarming symptoms, so 
that a respirator was required to save the lives of these patients. The 
largest group of patients undergoing thoracoplasty in the presence of a 
contralateral pneumothorax has been reported by O’Brien, Tuttle, Day 
and O’Connor (13). Their group consisted of 85 cases, of whom 37 had 
exudative contralateral disease, 23 had mixed lesions and 25 had pro- 
ductive disease. Cavity was present in 51 cases. All the noncavernous 
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lesions were classed as exudative. The pneumothorax was lost during 
operation in 8 cases and lost or abandoned after operation in 28 cases. 
Of these 36 cases, there was extension of disease in 6. There were 9 
early postoperative deaths and 10 late deaths. In 6 of the latter, there 
was extension of disease in the pneumothorax lung prior to death. 
Among the 76 postoperative survivors, the contralateral disease was con- 
sidered controlled in 59 (77.6 per cent); in 17 cases (22.4 per cent), there 
was extension of the contralateral disease. The sputum became nega- 
tive in 52 cases, or 68.4 per cent of the survivors. Which lung was the 
probable source of the positive sputum, in those cases having no conver- 
sion, is not stated. 

In order to study the problems presented by the behavior of various 
types of tuberculous disease in the contralateral lungs of individuals 
subjected to thoracoplasty, we have analyzed 98 individuals operated 
on at the National Jewish Hospital at Denver, entirely from the view- 
point of the uncollapsed lung. We have not attempted to study the 
entire problem of thoracoplasty, nor have we attempted to analyze the 
results of the operation, except as they were due to the behavior of the 
lung on the nonoperated side. The question of operative technique 
has also been left out entirely. The information we have attempted to 
secure, and are about to present, concerns the effect of the operation on 
the uncollapsed lung, and on whatever tuberculous disease there may 
have been present in that lung at the time the operation was performed. 
Furthermore, the study was limited to the outcome of disease present 
at the time of operation, or appearing during the postoperative period, 
which we have arbitrarily set at two months following the last stage of 
thoracoplasty. Lesions appearing in the uncollapsed lung for the first 
time many months or years following thoracoplasty, we felt could not 
be due to the operation; these were therefore judged outside the scope of 
this study. The same course was followed in reporting deaths among 
the patients in this group. If such outcome could be traced to un- 
favorable developments in the uncollapsed lung, arising out of lesions 
present before the operation, or appearing during the postoperative 
period, they were included among the deaths reported. If, on the other 
hand, death was due to causes apart from disease in the uncollapsed 
lung, or was due to disease of that lung, appearing a considerable time 
after operation, such deaths were not included among those reported 
in this study. In reaching a decision as to the responsibility of the 
uncollapsed lung for any unfavorable development, reliance was placed 
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first of all on X-ray films of the chest. Physical signs were given no 
weight in this judgment, since we are convinced that they are much less 
reliable than are roentgenograms, as a means of determining the extent 
and behavior of a pulmonary lesion. A few cases came to autopsy, 
and in these the anatomical findings were used in determining the re- 
sponsibility of the uncollapsed lung in the outcome. 

The material under discussion was divided, for purposes of study, 
into three groups, according to the condition of the contralateral lung 
at the time of the first stage of the operation. The classification 
adopted, and the number of cases in each group, were as follows: 


1: Clear contralateral lung—15 cases 
2: Healed contralateral tuberculous disease—47 cases 
3: Active contralateral tuberculous disease—36 cases 


The contralateral lung was described as clear, or free of any disease, 
when all X-ray films taken before the first stage of thoracoplasty pre- 
sented the appearance of a normal lung. Exaggeration of the normal 
bronchovascular shadows was not considered as indicative of previous 
disease. Included in this group were also those cases showing hilar cal- 
cification without parenchymal lesions, and those cases having primary 


complexes in the healed, calcified stage. 
Those cases were classified as having inactive or healed disease in the 
uncollapsed lung in which that lung presented the following findings: 


1: Calcified nodules of any size, shape, distribution or number, not ascribable 
solely to a healed primary tubercle, and without other evidence of intrapul- 
monary abnormality ascribable to tuberculous infection. 

2: Intrapulmonary calcification of the above type combined with dense, sharp 
patches, nodules or strands showing no change on serial films or with dense 
apical shadows showing no change on serial films, before and after operation. 
3: Any single type of density mentioned in the previous section, alone or in 
combination with one or more of the other types, but without calcification. 
(Groups 2 and 3 include a few cases in which early films revealed cavitation in 
the contralateral lung, with complete healing prior to operation.) 

4; Evidence of exudative lesion, with complete clearing prior to operation, 
and no evidence of residual intrapulmonary disease on the film taken just 
prior to operation. 

5: A number of cases of doubtful type, such as questionable cavitation in a 
lung, otherwise suggestive of healed disease; strand-like and coarse nodular 
opacities, stationary prior to operation, but showing slight or doubtful changes 
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after operation; single or multiple nodules of moderate density, suggestive of 
fibrocaseous foci; and lesions showing fuzzy borders suggestive of exudative 
disease, yet stationary over long periods of time, before and after operation. 


It was felt that the classification of the cases listéd in paragraph 5 as 
inactive, was justifiable on the basis of making the analysis of the 
material as severe as possible. A priori, it may reasonably be assumed 
that inactive disease in the uncollapsed lung has a better prognosis than 
does active disease. By placing all doubtful cases in the inactive group, 
the active group is not padded with possibly healed cases, and the test 
for that group made more severe. It must be realized, however, that 
the results in the group classified as inactive are, by this means, probably 
unfavorably affected. 

It is generally admitted that there is often great difficulty in differ- 
entiating active from quiescent and from arrested tuberculous lesions 
by the appearance of the X-ray films. Soft, fuzzy shadows, with in- 
distinct borders, are generally regarded as due to exudative infiltrations, 
whereas hard, sharply-margined opacities, with or without calcium 
deposition, are taken to be due to healed lesions. However, it is common 
to find both types of lesions in close association in the same lung, and 
often the shadows overlap so that the features of the individual lesions 
are obscured. We have therefore adopted, as the criterion of active 
disease, evidence of instability of the lesion, as seen on serial films of 
the chest, either before or after operation, or both. Also included in 
the active group were those cases showing open cavities in the contra- 
lateral lung at the time of operation. The active cases, therefore, pre- 
sented one or more of the following findings in the contralateral lung: 


1: The presence of an open cavity. 

2: One or more areas of infiltration, appearing for the first time just prior 
to the operation. 

3: Extension or exacerbation of a previously existing lesion, just prior to oper- 
ation; or continued extension of a lesion that had previously shown extension 
or exacerbation. 

4: Clearing or fibrosis, or both, of a previously existing lesion, continuing 
right up to the time of operation. 

5: Areas of infiltration exhibiting little or no change on serial films prior to 
operation, or whose behavior could not be ascertained because only a single 
film was available prior to operation, but which showed definite resolution, 
fibrosis, or both after operation. 
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Combination of apparently active and inactive disease was encountered 
not infrequently. Whenever any portion of a lesion appeared to mani- 
fest activity, the case was placed in the active group. 

The collected material was studied in the following manner: All the 
available preoperative films were carefully examined and compared, 
and each case classified in accordance with the criteria previously de- 
scribed. The postoperative films were similarly studied, and compared 
with the preoperative films. Those cases exhibiting no change in the 
contralaterai lung, and those exhibiting resolution, fibrosis, or both, 
whether complete or partial, were classified as having a favorable course, 
as far as the contralateral lung was concerned. The cases exhibiting 
postoperative contralateral spread or exacerbation were studied with 
the view of determining the ultimate outcome of the contralateral lesion. : 
Phenomena noted among these cases were: 


1: Early death due to contralateral spread. 

2: Progression of contralateral spread. 

3: Contralateral spread stationary over the entire period of observation. 

4: Resolution of contralateral spread. This resolution was at times complete, 
at other times only partial. All cases placed in this category, however, 
exhibited finally evidence that the contralateral lesion was on the way to 
healing and presented slight danger to the patient’s general welfare. 


Finally, all those cases in which the contralateral lung showed no 
extension after operation, and those cases in which the postoperative 
spread finally showed satisfactory resolution (that is, cases in the fourth 
group just described) were grouped together as the total in which the 
contralateral lung presented an ultimately favorable outcome. 

The length of observation after the last stage of thoracoplasty varied, 
among the operative survivors, from three to one hundred and eighteen 
months. In 9 cases, it was between three months and six months; in 15 
cases, between seven months and nine months; and in 11 cases, between 
ten months and twelve months. Thirteen cases were observed for 
between thirteen months and eighteen months; 8 cases for between 
nineteen and twenty-four months, and 8 for between twenty-five months 
and thirty-six months. Observation was continued for between thirty- 
seven and forty-eight months in 9 cases, and for over four years in 12 
cases. Thirteen cases died within two months after operation. 

Charts 1 to 4 illustrate the results of the investigation in the entire 
material, and in each of the groups into which the material has been 
classified. 
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The behavior of those cases undergoing operation at a time when 
the contralateral lung was the seat of an active tuberculous process is 
shown in chart 4. 

The preceding analysis is based entirely on the anatomical changes . 
occurring in the contralateral lung, as seen on serial X-ray films of the 


CHART 1 
Behavior of contralateral lung after thoracoplasty 


Total 98 cases 


No spread or ex- 
acerbation 75 cases—76.5% 


22 cases—22.4% 


Resolution 12 cases—-12.4% 


Stationary 1 case — 1.0% 


A 


Progression 1 case — 1.0% 


| Early death a 8 cases— 8.1% 


No _ postoperative 
X-ray film 1 case 1.0% 


Total with favor- | 
able outcome 87 cases—88 .87% 
Perea 


or exacerbation 


Outcome of spread 


| 
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CHART 2 
Postoperative behavior of 15 clear contralateral lungs 


Total 15 cases 


No spread or ex- 
acerbation 10 cases—66.6% 


( 
Resolution 3 cases—20.0% 


Progression 1 case — 6.6% 


Outcome of 
spread or 
exacerbation 


Early death 1 case — 6.6% 


Total with favor- 
able outcome 13 cases—86.7% 


10 20 30 40 50 60 70 80 90 100% 


chest. What has been shown is that, in a rather large percentage of 
all the cases studied, the lesions seen in the contralateral lung prior to 
operation, or appearing during the postoperative period, retain their 
preoperative appearance or show improvement. In only a small pro- 
portion of cases, in any group, was the preoperative contralateral lesion, 
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or the lesion appearing during the immediate postoperative period, the 
cause of death, and in even fewer cases were these lesions worse after the 
immediate postoperative period had been survived. 

Another aspect of this study is concerned with the persistence of 
positive sputum after operation and the probable source of this sputum. 


CHART 3 
Postoperative behavior of 47 healed contralateral lesions 


Total 47 cases 


No spread or exacerbation 40 cases—85.1% 


Spread or exacerbation 6 cases—12.7% 


Resolution | 4 cases— 8.5% 


2 cases— 4.3% 


1 case — 2.1% 


Total with favorable out- 


come 44 cases—93.6% 


10 20 30 40 SO 60 


CHART 4 
Postoperative behavior of 36 active contralateral lesions 


Total 36 cases 


No spread or ex- 
25 cases—69.4% 


Spread or exacer- 
bation 11 cases—30.5% 


Resolution 5 cases—13.9% 


Stationary 1 case — 2.8% 


Outcome of 
spread or 
xacerbation 


[Barly death 5 cases—13.9% 


Total with favor- 
able outcome 


30 cases—83 .3% 


10 20 30 40 50 60 70 80 90 100% 


The basis of the analysis of the source of persistent positive sputum 
was the operative survivors. Those patients dying within two months 
after operation were excluded, since in some cases no postoperative 
sputum examinations were obtained, and in the others, it was thought 
that not enough time had been allowed for the possible healing of disease 
that could conceivably be the source of bacillary sputum. The post- 
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operative survivors numbered 85. This figure is not the same as the 
survivors mentioned in chart 1, since there only the deaths due to disease 
in the uncollapsed lung were given. Chart 5 summarizes the observa- 
tions on these 85 patients. 

In reaching conclusions as regards the origin of positive sputum, the 
appearance of the X-ray film at the conclusion of the study was the 
principal factor considered. The inaccuracies attending such decisions, 
based on such evidence, are well appreciated. Nevertheless, this was 
the best available method of gaining such information. Furthermore, 
great severity was exercised in the study of the films, and in absolving 


CHART 5 
Source of positive sputum after thoracoplasty 


Postoperative sur- 
vivers Total—85 cases 


Positive sputum from 
contralateral lung | 6 cases—7 .0% 


Postoperative sur- 
vivors 

Positive sputum from 
contralateral lung 


Contralateral lung clear—14 cases 


None 


Healed contralateral disease—40 cases 


Positive sputum from = 
contralateral lung | 


Postoperative sur- 
vivors 
Positive sputum from 
contralateral lung 3 cases—9.7% 
| 


10 20 30 40 50 60 70 80 90 100% 


Active contralateral disease—31 cases 


a lesion from the guilt of excreting tubercle bacilli. Only lesions showing 
very definite healing, by resolution, fibrosis, or both, and without any 
suspicion of cavitation or highlights, were thus classified. In case of 
any doubt, the contralateral lesion was declared to be the source of 
positive sputum. 

It has been pointed out that the difference between the number of 
contralateral lungs doing well in the various groups is not very great. 
It is obvious, however, that these figures are influenced very markedly 
by the exact nature and extent of the lesion in the contralateral lung, 
factors that may vary considerably within the adopted classifications. 
This is particularly true of the group classed as having active contra- 
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lateral disease. This group can very easily be subclassified into four 
subgroups, having the following characteristics: 


1: Cases with frank cavitation in the contralateral lung: 5 cases 

2: Progressive exudative lesions, comprising cases exhibiting new areas of 
infiltration, appearing for the first time just prior to operation, and cases 
showing extension of a previously existing lesion, just prior to operation: 5 
cases 

3: Resolving exudative lesions, including cases having a contralateral lesion 
that showed clearing just prior to operation: 17 cases 

4: Exudative-productive lesions, consisting of cases showing slight changes 
prior to operation, but definite changes after operation, usually manifested 
by combined clearing and fibrosis: 9 cases 


The number of cases in each of these subgroups is small, so that con- 
clusive statistical analysis is not possible. Nevertheless, examination 
of each of them yields valuable and suggestive information. In the 
exudative-productive group of 9 cases, there were 2 postoperative spreads, 
or 22 per cent, as compared to 30 per cent for the entire active group. 
This subgroup suffered one death due to postoperative spread to the 
uncollapsed lung, or 11 per cent, as compared to 14 per cent for the whole 
group. In the exudative resolving group, there were 17 cases, and 4 
contralateral spreads (24 per cent). One death due to contralateral 
spread occurred, or 6 per cent. When we examine the exudative pro- 
gressive cases, of which there were 5, we find 3 postoperative contralateral 
spreads or exacerbations and one death due to such spread. Among 
the 5 cases with contralateral cavitation, there were 2 spreads, one 
patient’s death being judged due to this occurrence. The number of 
contralateral lungs doing well finally were 8 out of 9 in the exudative 
productive subgroup (89 per cent); 15 out of 17 in the exudative resolving 
subgroup (88 per cent); 4 out of the 5 in the exudative progressive sub- 
group (80 per cent). Among the 5 cases with contralateral cavity, there 
were 2 early deaths not due to contralateral disease, as well as one due 
to such involvement. The remaining 2 cases did well, as far as the 
contralateral lung was concerned. That the 2 deaths mentioned above 
were not due to the contralateral lesion was confirmed by autopsy in 
each case, which revealed only localized chronic fibrocaseous disease 
with cavitation and no evidence of any fresh exacerbation. 

It would seem, from this analysis, that operation is much more haz- 
ardous when the contralateral lung is the seat of a progressive exudative 
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process, than it is when the disease is sluggishly active, as in the exudative 
progressive group, or when it has reached its maximum extent and is in 
a regressive phase, as in the exudative resolving group. Even stationary 
cavitation in the uncollapsed lung is a better risk than is an exudative 
progressive lesion. The reason for this probably is that many such 
cavities are associated not with acute progressive disease, but rather 
with fairly well stabilized, or slowly progressive processes, in which 
some degree of exudative reaction is combined with proliferation and 
fibrosis. We do not believe the large proportion of cases succumbing 
to postoperative shock (2 out of 5) in this group is a true picture of what 
may be expected in a large series of such cases undergoing operation, an 
opinion confirmed by the postmortem findings previously mentioned. 

In spite of the fact that 3 out of 5 exudative progressive lesions showed 
exacerbation following operation, only one of these cases died because 
of such a complication, the remaining two subsequently doing well. 
Such a final result is encouraging, but it may be merely a fortunate 
coincidence. From the evidence secured in this very small group, it 
would seem wise to defer operation on cases of this type until the re- 
solving phase has appeared, at which time the outlook seems to be much 
more favorable. One must bear in mind, however, that in some instances 
waiting means further progression rather than resolution. 

The analysis of the active subgroups illustrates the need for careful 
definition of what is taken to be active disease. A preponderance of 
one or of another specific type of active disease may yield entirely dif- 
ferent results, as witness the 60 per cent of spreads or exacerbations in 
the exudative progressive group, as compared to only 24 per cent in 
the exudative resolving group. The extent of the disease is also of 
importance, although we have not stressed this point in the present 
investigation. One reason for this omission is that most of the cases 
did not have extensive contralateral lesions, since those having such 
disease were usually refused operation. Furthermore, it is difficult to 
find a convenient classification for the extent of disease. The divisions 
that we attempted to make yielded no significant differences on analysis. 
From our material, it was not possible to determine at what point the 
extent of contralateral disease becomes a definite contraindication to 
operation. 

It has been stated that contralateral spread or exacerbation occurred 
in 22 cases. The actual number of postoperative spreads was greater 
than this, since several cases had two or more spreads, following two or 
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more stages of the operation. Among the 98 cases, the number of 
operations performed was 245, an average of 2.5 per case. Exacerbation 
or spread in the contralateral lung occurred 33 times, in 22 cases. This 
figure represents 14 per cent of the number of stages performed. The 
15 cases coming to operation with clear contralateral lungs had 35 stages, 
an average of 2.3 stages for each case. Five spreads occurred in this 
group, or 14 per cent of the number of operations performed. No case 
had more than one spread. Three spreads occurred after a first-stage, 
one after a second-stage and one after a third-stage operation. The 
death in this group occurred after a second-stage operation, in a case 
that went through the first stage without any disease appearing in 
the clear lung. 

Among the cases with healed contralateral disease, 116 operations 
were performed. The average number of stages in this group was 2.5. 
Six cases in this group had 8 (or 7 per cent) exacerbations or spreads 
following operation. Three occurred after the first stage, 4 after the 
second stage, and one after the third stage. Three cases had a contra- 
lateral spread or exacerbation after the second stage, who had no such 
occurrence after the first stage. Of the cases with repeated spreads, 
one had a spread after the first and second stages, and the other after 
the second and third stages. Both postoperative deaths associated with 
increased disease in the uncollapsed lung, in this group, occurred after 
a single spread, one after the first, the other after the second stage of 
the operation. 

The “Active Contralateral Group,” consisting of 36 cases, had 94 
operations, an average of 2.6 foreach case. The total number of spreads 
or exacerbations in this group was 20, representing 21 per cent of the 
number of operations. Ten spreads occurred after the first stage, 6 
after the second, 3 after the third, and one after a fourth-stage operation. 
Four cases had only one spread, 5 had 2 spreads, and 2 had 3 spreads. 
Two cases having spreads after the first stage died following this opera- 
tion; one case having an exacerbation after the first stage died after 
the third stage, without a repetition of the exacerbation. Three cases 
had spreads after the first and second stages, with one death. One 
case had a spread following the first and fourth stages, and one following 
the second and third stages. Two cases had spreads following the 
first, second and third stages, with one death as a result. Only one case 
escaping spread or exacerbation after the first stage developed increased 
contralateral disease after a subsequent operation. 
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A little more light can be thrown on the behavior of exudative pro- 
gressive contralateral lesions by the study of the behavior of cases re- 
operated after having a contralateral exacerbation following the first 
stage. A total of 21 stages was performed on cases having spread or 
exacerbation after an earlier operation, while this new disease was in 
the exudative progressive phase. The number of repetitions of spread 
or exacerbation in this group was 11, or 52 per cént of the number of 
operations. This may be compared to the percentage of spreads, after 
the first stage, in the exudative resolving and the exudative progressive 
groups. For the exudative resolving group, this was 18 per cent, and 
for the exudative progressive group it was 60 per cent. The danger of 
operating on individuals having progressive exudative lesions in the 
better lung is again brought out by these figures, and the far more favor- 
able results among those cases having exudative resolving lesions are 
emphasized. 

We have thus far used the terms spread and exacerbation interchange- 
ably. Strictly speaking, the first should be applied only to new disease 
resulting from distant metastasis, the other only to progression of a focus 
present before operation. Actually, it is often difficult to be certain 
as to which is the case in any particular instance when some disease is 
already present. What can be noted is whether the new disease is 
near the original focus, or whether it is at a considerable distance from 
such a focus. In the first instance, it may be assumed that the new 
disease represents an exacerbation of an older lesion; in the second 
instance, it seems reasonable to believe that a spread from a distant 
source of infection has occurred. 

Adopting the definition of spread or exacerbation as given, among the 
98 cases presented, 12 showed spread and 10 showed exacerbation follow- 
ing operation. In the group with clear contralateral lungs, there were 
5 spreads. Among cases with a healed contralateral lesion, the cases 
showing spread numbered 4, and those having exacerbations were 2. 
A quite different picture was presented by the group with active contra- 
lateral disease, among whom there were only 3 spreads, as opposed to 
8 exacerbations. In instances when more than one spread or exacerba- 
tion occurred (11 times in the entire 98 cases) there were 2 spreads and 
9 exacerbations. The findings are what one might expect from the 
known potentialities of the various types of lesions. It is interesting 
to note that all the cases in the exudative progressive group who had 
increased disease after operation had exacerbations and not spreads. 
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Three in the exudative resolving group had exacerbations and one had 
a spread. Each type of extension of disease occurred in one case in the 
exudative fibrotic group, and each occurred in one case in the group 
with contralateral cavity. 

In addition to the cases described, we have had the opportunity to 
study 10 cases operated upon while having a contralateral pneumothorax. 
Seven of these presented characteristics which would have placed them 
in the active group, according to the definition we have adopted. Of 
these 7, 4 cases had definite cavitation prior to the induction of pneumo- 
thorax, 2 had progressive exudative lesions and one case had a resolving 
exudative lesion at that time. Three cases having contralateral pneumo- 
thorax at the time of operation would have been placed in the doubtfully 
active group, according to the criteria adopted for classification, and 
therefore classified as inactive. All the pneumothorax cases were con- 
sidered adequately controlled by this procedure, insofar as the compressed 
lung was concerned, prior to the first stage of thoracoplasty, and in no 
case was it felt that the lung under pneumothorax was the probable 
source of positive sputum. 

Among these cases, postoperative spread occurred only once, with 
subsequent clearing of the new disease. Another case showed exacerba- 
tion of disease after the pneumothorax had been discontinued, although 
no such occurrence was noted while the collapse was being maintained. 
No case died because of the unfavorable behavior of the tuberculous 
disease in the pneumothorax lung, but one case died with severe respira- 
tory difficulty, apparently aggravated by the presence of the pneumo- 
thorax, shortly after a third-stage operation involving extensive revision. 
In 3 instances, it was felt that the lung originally collapsed by pneumo- 
thorax was probably contributing to a positive sputum after operation 
was completed. 

The fact that in only one case out of 10 did the lesion in the contra- 
lateral lung do poorly after operation would seem to indicate the use 
of contralateral pneumothorax prior to operation. It is not justifiable, 
however, to draw conclusions from so small a group. The results re- 
ported by Coryllos and -Ornstein, and by O’Brien, Tuttle, Day and 
O’Connor are probably much closer to what may be expected in a large 
series of such cases. Of special interest is the report by Coryllos and 
Ornstein, that superimposed spontaneous pneumothorax occurred 
22 times in their 16 cases, and that 4 deaths were due to this cause. 
O’Brien, e¢ al. had 8 cases of spontaneous pneumothorax among their 
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cases. The high proportion of loss of pneumothorax space, during and 
after operation, reported by the last authors, also deserves attention. 
Such an event is a very unfavorable complication, since it means that 
the possibility of future control over a potentially dangerous lesion is 
destroyed. 

Among our own 10 cases, severe postoperative episodes resembling 
spontaneous pneumothorax occurred in 6. In a number of cases, such 
episodes followed each of several stages, and in one case the outcome 
was fatal. We are not completely satisfied that these episodes were in 
all instances actually superimposed spontaneous pneumothoraces, since 
the intrapleural readings were often bizarre, and not characteristic of 
such an occurrence. We suspect that in some cases we were dealing 
with a different type of respiratory difficulty, possibly mediastinal 
flutter. Aspiration of the pneumothorax space usually gave some degree 
of symptomatic relief, so that it seems reasonable to conclude that the 
presence of a pneumothorax was an important factor in the pathogenesis 
of these episodes. In 3 of the cases having this complication, the pneu- 
mothorax space was lost shortly thereafter. Another case is still re- 
ceiving refills, but the space is now very irregular, with many adhesions 
between lung and chest wall and is rapidly contracting. 

All 6 cases mentioned above had pneumothorax for one year or less 
before operation was done. In contrast, the 4 individuals escaping such 
episodes had pneumothorax for 18, 23, 29 and 30 months, respectively, 
before being subjected to operation. In none of these cases was there 
loss of the pneumothorax space during or after the operative period. 
It seems very probable that the duration of pneumothorax is an im- 
portant factor in the occurrence of these complications. How this 
factor operates is not entirely certain, but possibly the stabilization of 
the mediastinum is a factor in decreasing the likelihood of flutter, and 
the thickening of the visceral pleura diminishes the incidence of super- 
imposed spontaneous pneumothorax. 

The high percentage of postoperative complications in the pneumo- 
thorax group, and the large number of favorable results obtainable in 
various types of contralateral lesions operated upon without pneumo- 
thorax, indicate the wisdom of considering the postponement of collapse 
therapy for the contralateral lung until the operation has been com- 
pleted. This procedure has the merit also of being applied only to those 
cases that have demonstrated their need of it. Favorable reports con- 
cerning the use of pneumothorax for the contralateral lung after thoraco- 


98 MAX FINKELSTEIN AND ALBERT GUGGENHEIM 


plasty have been published by Pollock, and by Bernou, Veran and 
Marecaux. If contralateral pneumothorax is thought to be indispensable 
prior to operation, it would seem best to allow a period of well over a 
year for its stabilization, before proceeding to the operation. This can 
be done in many cases with safety, provided the patient remains under 
strict sanatorium supervision. 


CONCLUSIONS 


1. Contralateral disease of minimal or moderate extent, whether 
healed or active, with the exception of exudative progressive disease, 
does not contraindicate thoracoplasty. 

2. In the presence of exudative progressive contralateral lesions, with 
or without cavitation, operation should be deferred until resolution 
becomes manifest. If progression continues under observation, contra- 
lateral pneumothorax should be considered. 

3. In the presence of contralateral pneumothorax, operation would 
seem to be safer, and complications fewer if time is allowed prior to 
operation for the pneumothorax to become stable. 


We wish to express our thanks to Dr. George Packard and to Dr. Charles Lowen, who 
operated upon many of the cases forming the material for this study. 
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NEW MEASURES IN TUBERCULOSIS CAMPAIGN 
IN SWEDEN 


ERIK HEDVALL! 


As in so many other countries, tuberculosis has for a long time been 
the great social disease in Sweden, a disease that reaped thousands of 
victims every year. Step by step, however, preventive measures have 
been introduced. On the one hand efforts have been made to prevent 
the spread of tuberculous infection, on the other hand to diagnose the 
cases of tuberculosis—which occur in spite of all our efforts—as early 
as possible and to arrange for their early and effective treatment. Dur- 
ing the last two years in particular, antituberculosis work has been 
intensified to a noteworthy degree. New, important measures have 
been taken, which it is hoped will further check the progress of the dis- 
ease. What these new measures are will be the subject of this article. 
But before giving an account of the new measures it may perhaps be 
appropriate to give a brief description of the manner in which antituber- 
culosis work was formerly carried on in Sweden and the results achieved. 
In order to be able to understand the conditions a little better I should 
perhaps say a few words concerning the geographical position of my 
native country. 

Sweden is situated in about the same degree of latitude as the country 
between the mouth of the Machenzie River in the Arctic Ocean and the 
centre of British Columbia. It forms the eastern part of the Scandi- 
navian Peninsula and is bounded by Norway on the west and by Fin- 
land on the north-east; otherwise it is entirely surrounded by water. 
The distance between the most northern and most southern points is 
about 950 miles. The population of this vast territory is only 6.5 
million. While the southern and central parts are rather densely 
populated, the density of the population of the northern parts, especially 
in the extreme north, except in the coastal zone, is extremely low. The 
climate also quite naturally differs very much. In the southern parts 
where the density of the population is greatest, the climate is very much 
like that in the north of Germany; in the northern parts, on the other 
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hand, the climatic conditions are very similar to those prevalent in 
northern Russia. Therefore the fight against tuberculosis in certain 
parts of Sweden is exceedingly difficult, as the distances that must be 
travelled make it very inconvenient to reéxamine the tuberculous pa- 
tients and their families sufficiently often. Tuberculosis is also most 
wide-spread in the extreme northern parts of the country, but even 
here it is, as we shall presently see, steadily on the decline. 

As in other countries, the most important tuberculosis work was 
performed by sanatoria and dispensaries. New sanatoria have been 
built at a rapid rate and at present amount to 144 in number. The 
number of beds available for tuberculous patients, altogether 10,220, 
appears to be fully adequate. The sanatoria are well built, modern and 
efficiently equipped; the care and treatment afforded are first-rate and 
up-to-date in every respect. Only two of the sanatoria are private, the 
others belong to the city or county councils and are managed by grants 
from the State. The charge for institutional treatment and care is very 
low. The cost of a bed in the general ward is about twenty-five to fifty 
cents per day, which includes everything, X-ray examination and also 
surgical treatment. A patient of small means receives exactly the same 
care free of charge at the same sanatorium or institution. In such a 
case the expense is paid by the town or community to which the patient 
belongs. The care of a patient in a private room is the same as in the 
general ward, but owing to the greater comfort the cost is higher, gen- 
erally about two to three dollars per day. 

The dispensaries have also gradually increased in number and at 
present amount to 286, spread all over the country. Experience has 
proved, however, that there was a weakness in our previous dispensary 
organization. Partly owing to the long distances, partly to the scarcity 
of lung specialists, the management of the minor dispensaries was in 
most cases in the hands of medical practitioners, or of general Medical 
Officers of Health, without any special training in lung diseases or in 
radiography. Nor were the dispensaries as a rule equipped with X-ray 
apparatus. For X-ray examinations the patients had therefore to be 
sent to the nearest hospital or sanatorium, but that was certainly not 
done to the extent that is at present considered necessary. 

In spite of these weaknesses the antituberculosis work done in the past 
achieved good results, for the morbidity rate in Sweden, as in most other 
countries, shows a rapid decline, as will be plainly seen from the figures 
in chart 1 taken from Neander. “ 
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The top curve shows the total tuberculosis death rate, the bottom one 
the death rate from pulmonary tuberculosis. The broken curves show 
the averages for the five-year periods. It will thus be seen that the tu- 
berculosis death rate is rapidly declining in Sweden. The number of 
deaths from tuberculosis (all forms) amounted, for instance, in 1911 to 
191 and in 1934 to 102 per 100,000. The absolute number of persons 
who died from tuberculosis in 1934 was 6,317. If the 1911 death rate 
had obtained for 1934, the number of deaths from tuberculosis in the 
latter year would have amounted to 11,864; a saving of 5,547 human 
lives. Since 1934, however, the total tuberculosis death rate has con- 
tinued to fall, and in the latest report published in 1938 it was 81 per 
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Cuart 1. Tuberculosis death rate in Sweden (per 1,000 living) 1901-1934 


100,000. The death rate from pulmonary tuberculosis in Sweden the 
same year was about 64 per 100,000. 

For the sake of comparison I shall show in table 1 the annual death 
rate for pulmonary tuberculosis in other countries of the world, accord- 
ing to F. L. Hoffmann. As seen from the table all countries, with the 
exception of Japan, show a decline in the death rate for the period 
1931-1935, as compared with the preceding five-year period 1926- 
1930. Sweden is about in the middle of the table. But, as already 
mentioned, the pulmonary tuberculosis death rate in Sweden has fallen 
still further since 1935; therefore, conditions in my native country are 
now better than it appears from this table. 

The decline in the tuberculosis death rate has not of course taken 
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place equally rapidly in different parts of the country, but the decrease 
is nevertheless remarkably great everywhere. It will be seen from 
table 2 that the tuberculous death rate is recorded for the five-year 
periods 1911-1915 and 1931-1935. On the right-hand side of the table 
the decrease is given in absolute figures and in percentage. Thus in 
twenty years the tuberculosis death rate has fallen by 21.1 per cent at 
the lowest and by 57.3 per cent at the most, amounting to an average of 
about 41.5 per cent. 


TABLE 1 
Death rate from pulmonary tuberculosis per 100,000 


1926- | 1931- 1926- | 1931- 
1930 1935 1930 1935 


112.7| 93.3 
106.6) 94.5 
Irish Free State.............| 107.9] 96.0 
Venezuela 113.2) 104.1 
| Iceland 132.2} 107.8 
125.0} 110.0 
120.8) 114.7 
141.4) 125.1 
162.6} 130.0 
133.6} 137.5 
Hungary...................| 195.1} 148.2 
Bulgaria (Towns 216.7) 149.2 
Newfoundland & Labrador ..| 135.2) 163.3 
209.2) 172.0 
208.8) 175.6 
231.7| 224.3 


Canada 
United States of America 
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In spite of this marked decrease in the tuberculosis death rate in 
Sweden new measures have nevertheless been adopted to strike a death- 
blow at the disease, which still plays such havoc in the life of the nation 
and that of the individual. Efforts have in particular been made to 
create a new dispensary system which will be able to work along more 
modern lines than the old system in the campaign against tuberculosis. 

The changes made are all embodied in the Dispensary Law of 1937 
and the Tuberculosis Law of 1939, and I shall now pass on to give a 
brief description of these changes. 

The principal feature of the new Law Relating to Dispensaries is the 
creation of a new organ for combating tuberculosis, namely, the Central 
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Dispensary. This Central Dispensary is not intended to displace the 
old minor dispensaries, the so-called “district dispensaries,” but to 
guide and unite them into a single organic unit. In each county there 
shall be at least one such Central Dispensary, the head of which shall 
direct the dispensary work and devote all his time and energies to pre- 
ventive tuberculosis work. Since the law came into force on the 1st 


TABLE 2 
Decrease in the total tuberculosis death rate (per 100,000) in different parts of Sweden (Neander) 


TUBERCULOUS MORTALITY DECREASE 


1911-1915 1931-1935 Percentage 


Stockholm 275 
County of Stockholm 194 
County of Uppsala 174 
County of Sédermanland 164 
County of Ostergétland 150 
County of Jénképing............. 143 
County of Kronoberg............. 168 
County of Kalmar 159 
County of Gotland 175 
County of Blekinge 191 
County of Kristianstad 158 
County of Malméhus 166 
County of Halland 173 
County of Géteborg & Bohus...... 244 
County of Alvsborg 172 
County of Skaraborg 141 
County of Virmland 193 
County of Orebro 159 
County of Vistmanland 195 
County of Kopparberg 206 
County of Givleborg 212 
County of Visternorrland 210 
County of Jimtland 239 
County of Visterbotten 235 
County of Norrbotten 329 


of January, 1938, 40 Central Dispensaries have already been set up all 
over the country and still more will come into being when the need 
arises. Of the 40 now existing, 17 are independent and 23 attached to 
sanatoria. The administrative head of the dispensary activity is at 
present the County Council, which is entitled, however, to State grants 
to carry on the work. 
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Every Central Dispensary has at least one doctor with the qualifica- 
tions of a sanatorium doctor. The Central Dispensary is equipped with 
a first-rate X-ray apparatus and other appliances for accurate diagnosis. 
This is also essential, for the principal task of the Central Dispensary is 
to diagnose tuberculosis, at as early a stage as possible. It is the right 
and duty of the doctors supervising the district dispensaries to send 
pulmonary cases to the Central Dispensary for examination. Other 
doctors, too, have this privilege. But the Central Dispensary may 
itself summon patients directly if necessary or advisable. All examina- 
tion, even radiography, is free of charge. In the case of persons of small 
means or destitute, even the fare to and from the Central Dispensary is 
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Cart 2. Frequency of attendance at the Central Dispensary at Lund 


free. In such cases the county council and State together pay the ex- 
penses. It is perhaps worth calling attention once more to the fact that 
every Swedish citizen to-day—poor or rich—can obtain an examination 
with radiography by a lung specialist free of charge. Quite naturally 
the number of examinations at the Central Dispensaries is increasing 
more and more. The area covered by my own Central Dispensary 
has a population of about 300,000. The frequency of attendances will 
be seen in chart 2. 

As we see, the curve, showing the number of attendances per month, 
rises steadily, apart from a few occasional falls, the largest of which 
were due to a severe epidemic of foot and mouth disease and to a heavy 
fall of snow which obstructed or prevented attendance at the Central 
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Dispensary. A special building will shortly be erected for the examina- 
tions in this area, which are expected gradually to increase to 10,000 to 
20,000 annually. The largest number of examinations at a single sitting 
so far is 69. 

The work at the Central Dispensaries is based on notifications re- 
ceived of cases of tuberculosis. The dispensary doctors, and this will 
apply also to all doctors after January 1, 1940, are compelled to notify 
all new cases of tuberculosis discovered, not only pulmonary tubercu- 
losis but all tuberculous forms, thus for instance, erythema nodosum, 
phlyctenula, pleurisy, etc. Immediately after the detection of a case 
of tuberculosis the dispensary doctor must investigate the hygienic 
condition of the patient’s home and also make a physical examination 
of the other members of the family. As far as possible all members of 
the household should be examined and tuberculin tested. The positive 
reactors are then, as a rule, to be sent to the Central Dispensary to be 
examined by a specialist and to be X-rayed. It is the duty of the 
Central Dispensary doctor to see that this is really done and that all 
regulations are complied with. If he considers it necessary he should 
extend the investigation so as to include persons who are not members 
of the patient’s family. In certain cases—when tuberculous infection 
occurs in a school, factory, etc.—the Central Dispensary endeavors to 
make arrangements for a systematic examination of the school children 
or the workers at the factory. This examination, too, involves no ex- 
pense for the persons examined. 

The Central Dispensary shall report on the persons examined to the 
doctors or district dispensaries by whom they were sent. This report 
shall state whether tuberculosis was present or not. If tuberculosis has 
been diagnosed, information and advice must be given as to the need 
of care, the most suitable type of institution, the risk of infection to the 
patient’s environments, the degree of the patient’s capacity for work, 
etc. It is the duty of the Central Dispensary doctor to see that the in- 
structions given are carried out and to intervene wherever he thinks 
fit to do so. Naturally he has also to see that patients not removed to 
a hospital or sanatorium attend often enough for reéxamination and X- 
raying at the Central Dispensary. 

The second great task of the Central Dispensary is registration. Every 
known case of tuberculosis, whatever form of the disease it may be, must 
now be registered. By this means it is possible to compile reliable 
morbidity statistics, a thing that was not found in Sweden previously 
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any more than in many other countries. This registration is also neces- 
sary in order to enable the Central Dispensary to supervise the patients 
and their environments in a fully satisfactory manner. By compiling 
special registers of germ-carrying domestic servants, of milkmen and 
milkmaids, and also other categories of people who may transmit in- 
fection, it is possible to work in a prophylactic direction in a more reli- 
able manner than formerly. Special attention is devoted to industries 
in which cases of tuberculosis occur. The card-index at once shows 
where a mass-examination should be instituted. It also shows when a 
reéxamination is to be made at the Central Dispensary. If the patients 
do not arrive in due time from the district dispensaries, they may be 
summoned directly to the Central Dispensary. 

The Dispensary Law also contains another new feature, although not 
so far-reaching as the establishment of Central Dispensaries. The minor 
district dispensaries are to be reorganized step by step, when the tuber- 
culosis death rate in the dispensary area declines below 1 in 1,000 in- 
habitants. Until then a special dispensary nurse is to be found at each 
district dispensary, but the work will later on be in the hands of the 
District Nurses, each having an area with, as a rule, 3,000 inhabitants 
to supervise, and attending—in addition to the tuberculous patients—to 
other social and hygienic agencies. When the tuberculous mortality 
rate has fallen below the limit just mentioned, special dispensary nurses 
are therefore considered to be unnecessary. The task of the dispensary 
nurse will subsequently be transferred to the District Nurses. 

The new Tuberculosis Law was passed this year and will come into 
force on the 1st of January, 1940. The essential difference between the 
new law and the old one is that notification is compulsory and provisions 
are made for compulsory examination. 

Notification is compulsory for all doctors. Thus, if a doctor observes 
tuberculosis in any persons examined or attended by him, he is obliged 
to notify it on a detailed form, unless of course the disease has been 
observed and notified previously by another doctor. Notification shall 
be made to the dispensary in which the patient is domiciled or, if no 
dispensary is found in that area, to the nearest district dispensary or 
Central Dispensary. When a district dispensary receives such a noti- 
fication it is obliged, as already mentioned, to forward it to the Central 
Dispensary, which then takes the necessary steps to have the patient 
examined, to disinfect his home, etc. Notification must be made 
through the same channels when a person suffering from infectious tuber- 
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culosis is discharged from a hospital or sanatorium. In that way it is 
possible for the dispensary to take such measures as will reduce the risk 
of infection toa minimum. The children can be moved in time to rela- 
tives, boarded out or admitted to a children’s home provided for that 
purpose. Notification is also compulsory when a tuberculous person 
dies. The attending doctor is, in such a case, obliged to notify the dis- 
pensary and, if the patient was infectious, also the local Board of Health. 
Special forms are found for all these various kinds of notification. 

Facilities for compulsory examination are also contained in the new 
Tuberculosis Law. If a doctor has reasonable grounds for suspecting 
that a person is affected with infectious tuberculosis and this person 
refuses to submit to a medical examination, he may report the matter 
to the local Board of Health, which then orders the suspected person 
to undergo the examination. The Board of Health can request the 
assistance of the police to see that their decision is carried out. It is, 
I suppose, hardly probable that this regulation will be applied very often, 
as in general it is rather easy to induce a person in Sweden to submit to 
an examination. The mere existence of this clause will be sufficient 
to break down the resistance that may be offered by an isolated indi- 
vidual here and there. 

Under the old law, Children’s Care Committees were obliged to take 
all necessary measures to protect children under sixteen years of age, 
whose lives and health were exposed to danger at their homes, and also 
to see that foster-children receive satisfactory care. The new law, 
however, prescribes that no person suffering from infectious tuberculosis 
shall be employed as wet-nurse or children’s nurse. Neither shall any 
person be employed in a dairy, milk-shop or similar store until he or she 
has been proved to be free from infectious tuberculosis. If any person, 
employed in such a business, is suspected of having infectious tubercu- 
losis, he can at once be suspended from his employment. He cannot 
later on resume his work until he is able to produce a doctor’s certificate 
that there is no longer any danger of his transmitting tuberculous infec- 
tion. The examination for such a certificate is free of charge. More- 
over, the Tuberculosis Law provides that persons affected with con- 
tagious pulmonary tuberculosis, admitted to different institutions, 
children’s homes, refuge homes, prisons, inebriates’ homes, work- 
houses, etc., shall as far as possible be separated from the other inmates. 
Finally, the law lays down the measures to be taken to disinfect the 
patients’ homes, their clothes, bed-clothes, etc. 
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As is seen from my account, certain innovations have in recent years 
been introduced into antituberculosis work in Sweden, which, it is hoped, 
will bring about a further decrease in the disease. Further measures 
are contemplated, although they will not deal with the prophylactic 
activity nor with the care of the patients at the different institutions. 
In spite of everything, experience has shown that there is still one 
weakness in our tuberculosis activity, and that is that insufficient atten- 
tion has been given to the after-care of the patients. A committee has 
been working on this problem for several years, however, and as far as 
can be judged the problem will be solved in a year or so. When the 
after-care of the patients has been reorganized, antituberculosis work in 
Sweden will not only be one hundred per cent up-to-date and effective 
but may also be a prototype for other countries. 


TUBERCULOSIS IN NEGROES OF COLLEGE AGE 


HOWARD M. PAYNE! 


A tuberculosis case-finding program was planned for the student body 
of Howard University in September, 1937. The methods and pro- 
cedures used by Hetherington at the Henry Phipps Institute of the 
University of Pennsylvania were adopted as a basis for these plans. 

A grant of funds by the District of Columbia Tuberculosis Association 
made possible a demonstration program for 1937-1938. The success 
of this demonstration has led to the adoption of a permanent case-finding 
project. 

Howard University, in Washington, D. C., has an average enrollment 
of 2,400 students of whom approximately 20 per cent are graduate stu- 
dents. The majority of tie students are undergraduates pursuing 
courses in Liberal Arts, Engineering, Music and Pharmacy. The gradu- 
ate schools attract a much larger percentage of older students than one 
would expect to find in the average college group. 

The student body at Howard University is drawn predominantly 
from urban communities of the East, Midwest and South. Approxi- 
mately 34 per cent of a recent group of upper classmen studied makes its 
legal residence in the District of Columbia. 

College Number II, the second group reported in this paper, is a state- 
supported southern college. Its student body comes from approximately 
the same areas as that of Howard University. 

A third group reported consists of young adults who are working in 
various capacities, largely unskilled, under the aegis of a governmental 
agency. 


METHOD OF STUDY 


Howard University: Under the plan of tuberculosis control adopted 
at Howard University, all students newly admitted to the various schools 
of the University are given tuberculin tests as part of the required 
medical examination. These tests are given by a nurse who is trained 
and supervised by the physician in charge of the program. Every 
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positive reactor is roentgenographed (single celluloid film) at Freedmen’s 
Hospital X-ray Department. X-ray readings are made weekly at the 
University Health Service. At the time of reading, further tests, 
reéxaminations, etc. are planned from a study of the physical examina- 
tion, history and film. Retake films and fluoroscopy, together with 
sputum and sedimentation tests, are employed as supplementary pro- 
cedures. 

As funds do not permit routine application of the above measures to 
all students, every year, certain other indications for the use of the X-ray 
and tuberculin test were adopted. They are applied mainly to students 
who have not been studied during the current year and to certain others, 
such as the following: 


1: Those giving a history of tuberculosis contact, pleurisy with effusion or 
extrapulmonary tuberculosis. 

2: Those giving a history of recent pneumonia, grippe or chronic respiratory 
disease of any type. 

3: Students complaining of clinical symptoms or having physical signs sug- 
gestive of tuberculosis. 

4: Finally, the entire student body of the Medical School on the basis of annual 


physical examinations. 


Students whose first X-ray films show vague appearances, not cer- 
tainly tuberculous, are classified as suspects and reéxamined at intervals 
until a definite decision can be made. 

Students with latent tuberculosis or apparently arrested tuberculosis 
are seen at regular intervals at which times the temperature, pulse rate 
and weight are recorded and the interval history is noted. Periodic 
physical examinations are made on these students. This procedure is 
labelled clinical observation. It is also applied to contacts, namely, 
roommates and close associates of contagious cases for a period of two 
years following the breaking of contact. 

In the spring of 1938, chest films were made available to any senior 
student of the college who wished to have one taken. 

In 1939, films taken by the rapid paper method were made available to 
all students who had not been studied during the current year. Eighty- 
eight per cent of the 355 students who took this examination had not 
been previously examined during the current year. For obvious reasons 
only these students were counted in our summary of cases. 

College Number II: At College Number II, paper films are taken 
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annually of first and fourth year students. To these are added retakes 
of patients with latent disease, reported in previous years, who have 
been under clinical observation. Although this procedure is not ideal, 
the number of cases found has justified the compromise. 

Group III: Group III has been studied on only one occasion for pur- 
poses of comparison with the others. The rapid paper method was em- 
ployed in this instance. ' 


TUBERCULOUS INFECTION 
The tuberculin test was employed only at Howard University. Here 
it was used as a screen for all tested, except a group of 163 medical 


TABLE 1 
Results of tuberculin testing of Howard University students 1937-1939 


WHOLE GROUP 


> 
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Subtotal 
| 25 and over 


_ | 25 and over 


Number tested 49 
Percentage 
tribution 99.8 
Number positive. . | 340 
Per cent positive...| 57. 9188.2) 68.6 


Number incomplete. | 6 15 


oo | 25 and over 
nN 


611 
61.6 
20 


students, 42 clinical suspects who were X-rayed immediately, and 326 
students who were examined by the rapid paper method. 

The tuberculin employed is Purified Protein Derivative, given in two 
doses of 0.000,02 mg. and 0.005 mg. as suggested in the Diagnostic 
Standards of the National Tuberculosis Association, Tentative Edition 
1938. These standards were also followed for readings and interpreta- 
tion of the test. 

Study of table 1 shows an increasing percentage of positive reactors 
in successive age groups. The percentage of male positive reactors re- 
mains consistently higher than that of females throughout all age groups. 
These results can be compared with those for eight Negro colleges re- 
ported by Cornely and Allen (1). In their report the incidence of posi- 
tive reactors in a female group of similar age distribution is 25 per cent 
as compared to 57.8 per cent in the Howard University group. In the 


| 

| 
AGE on 
| | 
2 | & & 
[275 1178 | 96 | 463/391 137 991 

| | | | 

55.4| 35.8) 99.8} 47| 39 14 

134 | 71 | 242/252 | 

48.7 57.8\m | 54.6 52| 64.5) 85.4 

| au | 2 

4 

| 


112 HOWARD M. PAYNE 


males an incidence of 44 per cent is reported in a group which is much 
younger than a group of Howard males in which the incidence is 68.6 
per cent. The differences between these studies are attributed by 
Cornely (2) to a more general urban origin of Howard students. 

Long and Seibert (3) report for Eastern colleges an incidence of posi- 
tive reactors of from 40 to 60 per cent. They state that the rate in the 
colleges studied seems to reflect the level of infection in the community 
concerned. 

One hundred and sixty-four students who were legal residents of the 
District of Columbia showed 57 per cent positive reactions. This does 
not vary significantly from the 61.6 per cent reported for the entire 
group. 

It appears then, that the level of tuberculous infection in Howard 
University is comparable to that for other Eastern colleges and similar to 
that found for students from the same locality. 


X-RAY INTERPRETATION AND TERMINOLOGY 


At the beginning of the project for case-finding it was felt that the 
X-ray interpretations should be calculated, not only to reveal the mani- 
fest case of pulmonary tuberculosis, but also to yield information con- 
cerning those students who may develop clinical tuberculosis later (4). 

In order to do this the classification of reinfection tuberculosis used by 
Hetherington (4) was adopted. 

Briefly, grade I reinfection tuberculosis is confined to the area immedi- 
ately adjacent to the apical pleura. Grade II lesions extend into the 
portion of the lung above the clavicle; and grade III involvement in- 
cludes tuberculous disease extending or occurring below the clavicle. 

The term “latent apical tuberculosis” is used with the indication of the 
grade of lesion to indicate the fact that physical signs, symptoms and 
laboratory evidence of activity are lacking and that the radiographic 
appearance is the only indication of the presence of disease. The term 
“latent apical tuberculosis,”’ as used, does not in any way indicate that 
the lesion is inactive. For this reason study of the film, supplemented by 
available clinical data as to age and sex, history and physical examina- 
tion, is employed to assign a definite significance to lesions according to 
the following scheme. 

The phrase “latent apical tuberculosis of no present clinical signifi- 
cance” refers to lesions which, though not producing symptoms, appear 
from the film to be unstable. Until retrogression can be demonstrated 
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by serial films, students with these lesions are closely watched clinically. 
Classroom and other activities are modified appropriately. 

The term “latent apical tuberculosis of no apparent clinical signifi- 
cance” describes lesions which show predominantly stable lesions, 
namely, dense spots or strands. Students with such lesions are X-rayed 
at intervals to detect evidence of instability in the appearance of the 
area and are required to report for clinical observation (temperature, 
weight and interim history) at regular periods. 

The designation “latent apical tuberculosis, apparently inactive”’ 
denotes the presence of relatively sclerotic spots or strands. In the 
absence of a history of recent contact, pleural effusion, or respiratory 
symptoms, students with lesions of this character are discharged if a 
second film after one year shows no change. The student is, however, 
told of the appearance, asked to have periodic examinations after leaving 
school and warned to pay particular attention to respiratory episodes. 

Pleural effusion has been interpreted in the films studied as a reinfec- 
tion type of tuberculosis (5). 

Calcified primary tuberculosis was diagnosed only when the X-ray 
appearance was definitely indicative of calcification. As only flat 
films were used and in some instances paper films, the incidence of 
calcification recorded is significantly lower than that reported by stereo- 
scopic or rotation films. However, the percentage found compares 
closely with that found by Hetherington (4) on single flat films. Since 
the clinical importance of the finding of calcium is doubted, no further 
attention has been paid to these lesions. 

Cases with therapeutic pneumothorax found in the routine examina- 
tion of entering students are carried as cases of clinical tuberculosis be- 
cause none of them has been under treatment for a sufficient period to 
justify the assumption that there is no chance of the lesion becoming 
active. 

Students reported here (Howard University and College Number IT) 
who have been X-rayed during the second year, although no lesion was 
originally found, are counted as separate individuals. These approxi- 
mate 75 individuals in the Howard University study, and 15 in the Col- 
lege Number II study. 


ANALYSIS OF X-RAY FINDINGS 


Howard University: The X-ray study of Howard University students 
showed an incidence of calcified primary tuberculosis of 8.6 per cent, 
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which may be compared with an incidence of 9.9 per cent reported by 
Hetherington (4) for students of high school age. 

Because the use of serial films was possible, persons with latent apical 
lesions have been followed up and rechecked at frequent intervals. For 
this reason the significance of minor apical infiltrations has been more 
accurately recognized in this group than in any of the others. 

One case of miliary tuberculosis, in a fifteen-year-old fernale, was dis- 
covered in the routine follow-up of a partially strand-like infiltration in 
the infraclavicular region. The lesion was discovered by an accidental 
retake one month after a film which showed no change from three pre- 
vious examinations. The disease consisted of exudative areas seeded 
from apex to base in both lungs. Although no physical signs, symptoms 
or other indications of activity were present at time of diagnosis, this 


TABLE 2 
Total untreated reinfection forms of tuberculosis 


FEMALE TOTAL 


49 85 
24 30 
1 1 


42/1,465—2.8% 74/1,531—4.8% 116/2,996—3.87% 


Note: Cases which have been treated are excluded: (2 or .136 per cent males; 2 or .13 
per cent females), totaling 4 or .133 per cent of the total cases examined. Four treated 
cases, plus 116 untreated cases equals 120, or 4.0 per cent of total cases examined. 


student died four months later of what was reported by her family 
physician to be tuberculous pneumonia. 

Minimal tuberculosis was found to develop twice following pleurisy, 
in both instances in males. In one of these cases the pleural effusion 
was confined to the right base and retrogressed without causing symp- 
toms. A minimal exudative patch developed three months after dis- 
covery of the effusion and is now under treatment. The second student 
exhibited minimal infiltration several months after complaining of 
pleuritic pain. His first film was negative for tuberculosis. 

Three cases of primary tuberculosis were found in males and one 
among the women. Only one of these, in a medical student, showed 
pulmonary infiltration. The others showed caseous tracheobronchial 
nodes alone. All lesions were asymptomic and all have retrogressed on 
follow-up. 
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Two students entered school with therapeutic pneumothorax. Our 
only concern with these cases has been that they continue treatment and 
that scholastic participation be adjusted to physical capacity. 

A study of the types of lesions found in this group is planned when a 
sufficient number of cases are under observation and when some conclu- 
sion can be drawn as to ultimate outcome of the disease. 

The cases studied demonstrated that clinical tuberculosis occurs twice 
as frequently in the young female as in the male. In the males manifest 
tuberculosis was found in 1.1 per cent and in females 2.2 per cent. The 
ratio of cases requiring treatment in the male to total reinfection forms 
is 1 to 3.5 and in the female 1 to 2.5. The incidence of primary tubercu- 
losis of 0.3 per cent is high in the males. In Howard University students 
40 per cent of all latent apical lesions were found to be apparently inac- 
tive, 31 per cent were judged potential sources of progression and 27 
per cent were thought to be probably insignificant but worth watching. 
This analysis of latent cases is more favorable to the Howard group 
probably because serial films could be used more frequently. The 
figures for the entire group show a larger proportion of students in the 
active category. 

One latent case that later developed miliary tuberculosis has already 
been mentioned. Another, in a second year medical student, progressed 
to form an exudative patch below the clavicle accompanied by haemop- 
tysis and general malaise. This student is now apparently arrested 
after sanatorium care. 

The ultimate fate of those diagnosed as having latent apical tubercu- 
losis cannot be determined from such a short period of observation. 
Later investigation of this group may be profitable. 

College Number II: Students at College Number II were studied by 
the rapid paper method for two successive years. As age data are not 
available for more than half of these students, the average age may vary 
slightly from the figures quoted. In both instances the films are those 
of first year students and of others who may have been suspected clini- 
cally. All of the clinical cases reported have been confirmed by subse- 
quent examination. 

The incidence of calcified primary tuberculosis in this group was 7.7 
per cent, 9.2 per cent for males and 6.7 per cent for females. 

Although 72 per cent of the lesions discovered in these students were 
minimal in extent and one case, or 9 per cent, moderately advanced, two 
deaths have occurred from rapid extension of minimal lesions which could 
not under existing conditions receive sanatorium care. 
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A third death is known to have occurred in a case of latent apical tuber- 
culosis reported as of probable clinical significance one year previously. 
A fourth death occurred in a young woman whose film taken one year 
previous to death was negative. Tracing of the infection in this case 
happened to be possible and it could be shown that the student was ex- 
posed to open tuberculosis in her home. All of the deaths were in young 
women. 

The high mortality in this group emphasizes the value of follow-up 
procedures in surveys of this type and the necessity of obtaining treat- 
ment promptly when lesions are reported. 

In this group one male showed caseous tracheobronchial lymph nodes. 
Another male showed an apparently arrested lesion following sanatorium 
discharge. 

The ratio of clinical cases to total reinfection forms in the male is 1 to 
5 as compared with somewhat less than 1 to 4 in females. The females 
show three times as much clinical tuberculosis as the males in this group. 

Group III: In group III no effort has been made to do more than de- 
termine the status with regard to tuberculosis at the time of the study. 
As too short a time has elapsed since examination nothing can be said of 
the outcome of any of the cases reported. The incidence of calcified 


primary tuberculosis was 7.3 per cent for the whole group, the lowest 
incidence of any of the three groups. Only 0.22 per cent of the group 
showed active primary tuberculosis. 

The ratio of clinical cases to total reinfection forms discovered in the 
males is 1 to 6, and in the females the ratio is 1 to4. Four times as many 
females showed clinical tuberculosis. 


DISCUSSION OF CLINICAL DISEASE IN THE THREE GROUPS 


When all reinfection forms of tuberculosis are considered, an in- 
cidence of 40 per thousand is found for the entire group. This com- 
pares with 50 per thousand reported for Philadelphia Normal College 
students (4). As very few other studies report latent apical tubercu- 
losis, our cases, for purposes of comparison, are tabulated to show mani- 
fest reinfection forms of .tuberculosis (see table 3). In males these 
amount to approximately 4 cases per thousand and in females 15 cases 
per thousand. For all clinical forms of tuberculosis almost 9 cases per 
thousand were found in the males and approximately 19 per thousand 
in the females. The incidence of active primary tuberculosis in the males 
is partly responsible for the increased number of males when all forms of 
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tuberculosis are considered. The apparently arrested cases under treat- 
ment also affect this ratio in the same fashion. For this reason, the 
figures given in table 3 are used for comparison with other studies. 
The number of known deaths occurring in the group of individuals 
studied is 6 in a period of two years. All of these deaths have been 


TABLE 3 ’ 
Analysis of manifest reinfection cases found in 2,996 cases 


FEMALE TOTAL 


19 24 
Moderately advanced... § 
Far advanced.......... 0 1 


6 or 20% 24 or 80% 30 or 100% 


6/1,465—.41%|24/1,531—1.56% 


TABLE 4 
Summary of latent apical forms of tuberculosis 
(Exclusive of manifest reinfection types) 


NO PRESENT CLINICAL | NO APPARENT CLINI- 


SIGNIFICANCE CAL SIGNIFICANCE | APPARENTLY INACTIVE 


Male Female Male Female Male Female 


1 5 4 8 5 29 or 34.11% 
8 13 11 1 4 42 or 49.41% 
4 5 1 1 1 14 or 16.47% 


13 23 13 16 10 10 85 or 99.99% 


Per cent 38/85 or 42% 29/85 or 34% 20/85 or 23% 


Per cent of all 
examined. ..| 36/2,996—1.2% | 29/2,996—.97% | 20/2,996—.67% | 85/2,996—2 .83% 


verified but, as others may have occurred of which we have no knowl- 
edge, the above figure is stated only as a minimum estimate. 

It must be realized that all but two of the deaths occurred in group 
Number II, for which tuberculosis treatment and facilities for care are 
poor. Of the cases reported for Howard University only one was under 
supervision. The other student was in school for only four months of 
the eighteen-month period of study. 


| 
i 
ne | | | 
| | per cent 
80 | 8 
16.66) . 166 
3.33) .033 
Per cent positive by | 
Grade I.......| 
Grade II......| 
Grade 
Total.......| 
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A comparison of our figures for manifest reinfection tuberculosis 
with reports of examinations at other colleges is of interest. Bloch (6) 
reports that in students of larger universities, the incidence of lesions 
lies between 0.5 and 1.0 per cent. Assuming that the manifest type of 
lesion alone is being reported here, the incidence of lesions found in our 
group is not unreasonably high. 

A comparison of the manifest forms of tuberculosis with all reinfection 
forms found should give some idea of the significance of latent apical 
tuberculosis, which presumably antedates the development of manifest 
tuberculosis. 

Twenty-eight males per thousand show some form of reinfection tuber- 
culosis, of whom 4 per thousand show manifest disease. Forty-eight 
females per thousand show reinfection tuberculosis of whom 15 per thou- 
sand show the manifest form of the disease. The approximate ratio of 
1 manifest case to 7 reinfection forms for males is in marked contrast to 
the ratio of 1 manifest case to 2.5 reinfection forms in the female. 

This seems to indicate that latent reinfection forms are of considerably 
greater importance in the female and tend more rapidly to develop into 
the dangerous clinical form. Although the ratio of clinical cases to re- 
infection forms is low in the group of males studied, we would expect it 
to approach that found for females in older groups. 


CONCLUSIONS 


1. Tuberculin testing of 992 Negro college students showed an inci- 
dence of 61.1 per cent positive reactions. The incidence in males was 
68.6 per cent, in females 54.6 per cent. These figures are comparable to 
those for Eastern colleges and appear to reflect the rate of infection in the 
city in which the testing was done. 

2. The incidence of manifest reinfection tuberculosis in the group 
studied was comparable to that reported for some white colleges. 

3. Radiographic’ evidence of the presence of reinfection tuberculosis 
was found in 28 males per thousand and in 46 females per thousand. 
Manifest or clinically evident tuberculosis occurred in 4 males per 
thousand and 15 females per thousand. 

4. The ratio of manifest clinical tuberculosis to all reinfection forms of 
tuberculosis indicated that the latent or asymptomatic tuberculosis is 
of great importance in females at the ages studied. 

I wish to acknowledge the valuable assistance and advice given in the execution of this 


study by the Acting Director of the Howard University Health Service, Dr. Paul B. Cornely. 
I am deeply indebted to Dr. E. R. Long for his help in the preparation of this paper. 
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A TUBERCULIN SURVEY OF ONE THOUSAND CASES OF 
ACTIVE TUBERCULOSIS! 


FREDERICK A. MUSACCHIO 


In view of the recent controversial articles by Lumsden and his co- 
workers (1), McKneely (2), Crimm and Short (3), Nelson and his 
coworkers (4), and Gass and his coworkers (5) that cast doubt on the 
status of the tuberculin test as an indicator of tuberculous infection, it 
was deemed advisable to undertake the following survey in order to 
reévaluate this diagnostic procedure which has proved so efficacious in 
the past in the detection of new cases of tuberculosis. Inasmuch as 
this procedure is so widely employed in case-finding programs as a screen 
for the X-ray, an accurate reévaluation of the test is in order. 

Lumsden, Dearing and Brown (1) recently reported the results of their 
tuberculin X-ray survey of a group of school children and were unable 
to correlate the tuberculin reaction with the X-ray examination, finding 
their highest degree of discrepancy in those instances showing calcified 
lesions, presumably of tuberculous origin. 

The question of anergy to tuberculin in the presence of presumptive 
tuberculosis is exhaustively treated in the works of McKneely (2), 
Crimm and Short (3), Nelson and his coworkers (4), and finally Gass 
and his coworkers (5). These workers all observed the lack of allergy to 
tuberculin in a varying percentage of cases showing calcifications in their 
chest plates. 

Long (6) points out that these cases were considered as examples of 
obsolete infection and a plausible explanation of the waning of allergy 
is the fact that the tubercle bacilli lodged in the primary complex are 
no longer viable. Long believes that the tuberculin reaction becomes 
positive again only if superinfection occurs. Furthermore, anergy in 
the presence of active primary tuberculosis may be explained on the basis 
of a delayed sensitivity of the tissues. 

According to Long, the shadows interpreted as the calcified primary 
complex may not be tuberculous at all in some cases. He suggests that 


1 From the Herman Kiefer Hospital, Detroit, Michigan. 
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it would be well to inquire for another cause in certain localities, espe- 
cially in the southern states. 

A group of 1,000 cases of active tuberculosis, hospitalized at Herman 
Kiefer Hospital, were tuberculin tested in order to determine the inci- 
dence of negative reactors. 

The diagnosis of pulmonary tuberculosis was based on the results of 
the X-ray and sputum examinations; that of bone and joint tuberculosis 
on the X-ray appearance and examination of the smear for tubercle 
bacilli in cases of draining sinuses; that of tuberculous peritonitis and 
enteritis on the history, physical findings, X-ray evidence of delay in 
emptying time and spasm of the gastrointestinal tract, as well as the 
examination of the ascitic fluid for tubercle bacilli and that of renal 
tuberculosis on the history, finding of tubercle bacilli in the urine and 
results of the cystoscopic examination and the appearance of the 
pyelogram. 

The method of choice was the intracutaneous or Mantoux test which 
has certain advantages over the Pirquet, namely, the dosage can be accu- 
rately gauged and can be increased if desired. 

The tuberculin preparation used in this survey was the OT? distributed 
by the Michigan Department of Health; the first injection consisting of 
0.1 mg. and, if this did not elicit a reaction, a second injection of 1 mg. 
was administered and if the reaction was still negative a third injection 
of 10 mg. was given. Repeating the injection three times, using the 
same volume of 0.1 cc. would insure the reliability of the reaction and 
we can be quite certain that a case is really a nonreactor if it does not 
respond to the third injection. The injection was made on the flexor 
surface of the forearm, just below the elbow. The right arm was used 
in each case because if a previous tuberculin test was given, it was prob- 
ably given on the left forearm. 

In the administration of these tests, the details of technical procedure 
outlined and recommended by Myers (7) in a recent article were closely 
adhered to, namely, care was taken to see that the tuberculin became 
lodged within the layers of the skin because if the tuberculin is injected 
subcutaneously a constitutional reaction may occur without a local 
reaction. Only reactions showing induration or oedema were read as 
positive, simple erythematous reactions being considered as negative. 
The readings were made forty-eight hours after the injection. 


2 Standardized according to W. E. Bunney and R. Y. Gottschall: The standardization of 
diluted tuberculin, Proc. Soc. Exper. Biol. & Med., 1938, 39, 71. 
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Number and Results of Tuberculin Tests 
March 1, 1939-October 16, 1939 


Number Examined Number Positive Per Cent Positive Number Negative Per Cent Negative 
1,000 977 97.7 23 y 


Seventeen of the negative reactors were patients with very far ad- 
vanced pulmonary tuberculosis with a very unfavorable outlook. All 
were cachectic with progressive disease; 6 were in extremis, 2 of this 
group gave a history of a negative tuberculin test one, year prior to 
admission. The diagnosis of pulmonary tuberculosis in the group of 
17 negative reactors was based on the finding of tubercle bacilli in the 
sputum and the X-ray examination of the chest. One negative reaction 
was obtained in a case of bilateral renal tuberculosis in the terminal stages 
diagnosed on the basis of the presence of tubercle bacilli in the urine, 
cystoscopic findings and appearance of the pyelogram; another in a case 
of lumbar Pott’s disease without pulmonary tuberculosis, diagnosed on 
the basis of the appearance of the spine X-ray film; another in a case of 
pleurisy with effusion, diagnosed on the basis of the history and X-ray 
appearance of the chest; and another in a case of minimal tuberculosis 
with a unilateral dry pleurisy, diagnosed on the basis of the X-ray 
appearance of the chest and of the lesion which had improved consider- 
ably. The remaining 2 negative reactors were moderately advanced 
cases of pulmonary tuberculosis diagnosed on the basis of the X-ray 
appearance of the chest. 

In the consideration of the group of 23 nonreactors, the first question 
that arises is the accuracy of the diagnosis of tuberculosis. Inasmuch 
as 17 of this group showed extensive bilateral infiltrations of the exuda- 
tive or productive type with definite excavations and all except one 
showed tubercle bacilli in the sputum on repeated examinations, we may 
accept the diagnosis of pulmonary tuberculosis. Eleven of the group of 
17 were classified as III-B unfavorable, of which one had the complica- 
tion of tuberculous laryngitis; 2 were complicated by tuberculous enteri- 
tis; another by tracheobronchial tuberculosis; another by tuberculous 
empyema in which tubercle bacilli were found in the pleural fluid; another 
had the associated condition of diabetes mellitus, and still another had 
silicosis as well as tuberculosis. 

One case classified as III-B unfavorable with mixed empyema was a 
twenty-four year old female who gave a history of having had pneumonia 
several weeks following childbirth. The patient entered the hospital 
with the right lung partially collapsed and a pleural effusion on the 
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pneumothorax side. There were scattered productive infiltrations in 
the upper half of both lung fields but no cavity was visible. Repeated 
sputum examinations were negative for tubercle bacilli as well as smears 
from the pleural fluid. However, one culture was reported as positive 
for tubercle bacilli but there was some doubt about that. In view of 
these findings the diagnosis of tuberculosis could not be established with 
certainty. 

The remaining 6 of the group of 17 far advanced cases of pulmonary 
tuberculosis were classified as III-C unfavorable. 

Regarding the case of bilateral renal tuberculosis failing to react to 
tuberculin, there is no doubt as to the diagnosis of tuberculosis since 
tubercle bacilli were found in the urine on repeated occasions. 

Another nonreactor as stated above was a minimal case with a uni- 
lateral dry pleurisy. This patient was a twenty year old white female 
whose chief complaint was repeated attacks of pain in the right side with- 
out any history of previous pulmonary disease. Her chest plate showed 
a moderate dry pleurisy on the right side and a very small area of produc- 
tive infiltration on the left. All sputum examinations were negative for 
tubercle bacilli. The recommended treatment in this case was bed- 
rest and her condition improved considerably over a period of four 
months. We cannot be absolutely certain of the diagnosis of tubercu- 
losis in this case, inasmuch as tubercle bacilli were never found in the 
sputum; however, we may state that the most probable diagnosis was 
tuberculosis. 

Two moderately advanced cases failed to react to tuberculin. One of 
these had a unilateral mixed lesion in the upper half of the right lung 
with a persistently negative sputum (no cavity was present). The 
diagnosis of pulmonary tuberculosis was arrived at on the basis of the 
history and the X-ray appearance of the lesion. The lesion had im- 
proved markedly over a period of four months, following a phrenic crush. 
In this particular case we cannot make the diagnosis of pulmonary 
tuberculosis with certainty inasmuch as tubercle bacilli were never found 
in the sputum but tuberculosis was the most probable diagnosis. 

The other moderately advanced case showed a productive lesion in 
the upper half of the right lung with a 2 cm. cavity; the sputum, however, 
was persistently negative in spite of the cavity. A right phrenic crush 
was done in this case but it did not appreciably influence the course of 
the lesion. The tuberculin test was done in this case shortly after an 
operation for strangulated hernia was performed, but interestingly 
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enough the condition of tuberculous peritonitis was discovered at that 
time. There is very little doubt as to the diagnosis of tuberculosis in 
this case. 

Another nonreactor was a case of pleurisy with effusion. This 
patient’s chief complaint was repeated attacks of pain in the right side 
of the chest without any history of previous pulmonary disease. The 
X-ray film revealed a dense, pleural shadow in the lower two-thirds of 
the right lung field interpreted as fluid. The left lung was clear. The 
aspirated fluid was straw-colored, clear and negative for tubercle bacilli 
and other organisms. The tuberculin test was done in this case during 
the toxic phase of the disease and it is a known fact that allergy to 
tuberculoprotein is sometimes lost during this phase. In this case the 
diagnosis of tuberculosis cannot be absolutely certain as no tubercle 
bacilli were ever recovered from the pleural fluid. 

The last negative reactor in the group of 23 was a case of Pott’s 
disease. This patient’s chief complaints were pain in the legs and 
swelling in the right flank. The swelling was incised and drained out- 
side of the hospital. On admission the patient presented a draining 
sinus in the right inguinal region with a purulent discharge. There 
was also a fluctuant mass about the size of a grapefruit in the right lum- 
bar region. The smear from the draining sinus was positive for tubercle 
bacilli. An X-ray film of the lumbar spine revealed a marked narrowing 
of the intervertebral spaces between the second and third, and third and 
fourth lumbar segments with small areas of rarefaction in the bodies of 
the third and fourth lumbar segments. There was also some bone pro- 
duction in the anterior portion of the bodies of the lumbar spine. The 
condition was diagnosed as Pott’s disease of the lumbar spine and psoas 
abscess. The Wassermann reaction was negative. There were no 
tuberculous infiltrations in either lung. There can be no doubt about the 
diagnosis of tuberculosis in this case inasmuch as tubercle bacilli were 
recovered from the draining abscess in the groin. 

In analyzing our group of 23 nonreactors to tuberculin, we find that 
only one minimal case out of our total of 68 minimals tested failed to 
react to tuberculin and the diagnosis of tuberculosis in ‘this single case 
was doubtful. Furthermore, only 2 moderately advanced cases out of 
a group of 342 tested failed to react and in one of these the diagnosis of 
tuberculosis could not be made with absolute certainty; whereas, in the 
far advanced category 17 cases out of the total of 528 tested failed to 
react to tuberculin and the diagnosis of tuberculosis in this group of 17 
nonreactors was established with certainty. Furthermore, 78.3 per cent 
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of the total group of 23 nonreactors were far advanced cases of pulmonary 
tuberculosis. From these findings we may state that absent allergy 
may occur more frequently in the far advanced group than in the other 
two prognostically better groups. 

We have stated previously that there was some doubt concerning the 
diagnosis of tuberculosis in the one minimal, one moderately advanced 
and one far advanced case with a mixed empyema and in the case of 
pleurisy with effusion. Possible absence of tuberculous infection in 
these cases may be the explanation for the negative tuberculin reaction. 
An explanation for anergy in the far advanced pulmonary cases and the 
advanced bilateral renal case may be based on the general belief that 
allergy may be markedly decreased or entirely lost in chronic advanced 
progressive cases of tuberculosis. The negative tuberculin reaction in 
the moderately advanced case and the case of Pott’s disease cannot be 
readily understood. 

Myers (8) has recently advanced an explanation for tuberculin anergy 
seen in very early and late progressive cases of tuberculosis and to quote 
from his study of the significance of the tuberculin test: ‘Since tubercle 
bacilli in tubercles and lymph nodes of the primary complex often remain 
alive over long periods of time, they actually constitute manufacturing 
plants of tuberculoprotein in such quantities as to keep up the sensitiza- 
tion. Evidence has accrued to show that in some persons who are 
apparently well, and who have previously reacted positively to the 
tuberculin test, the sensitiveness of the tissues becomes so decreased that 
it is impossible to produce a reaction even with large doses of tuberculin. 
It is a possibility that the tubercle bacilli which result in the tubercles of 
first infection may be destroyed after which there is no longer a source 
of tuberculoprotein in the body and the tissues completely lose their 
sensitiveness. It has long been known that in overwhelming acute tuber- 
culous processes, such as pneumonia, meningitis and miliary disease, 
the tissues are often desensitized so that it is impossible to obtain a posi- 
tive reaction from the tuberculin test except when large test doses are 
given. Again in chronic forms of tuberculosis during the terminal stage 
there may be enough tuberculoprotein produced and liberated to de- 
sensitize the tissues. Occasionally one sees a person with chronic 
tuberculosis who is by no means in the terminal stage and yet the tissues 
fail to react to the tuberculin test. It is probable that such cases may 
become desensitized through the tuberculoprotein produced in their own 
bodies.” 

Table 1 represents the number of positive tuberculin tests (977) in 
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the group of 1,000 cases tested according to classification of the disease, 
race, intensity of the reaction and strength of the tuberculin preparation. 
In considering this table we were primarily interested in establishing a 
relationship between the intensity of the reaction and the extent of the 
lesion but no such direct relationship seems to exist. We were further 
interested in comparing the degree of allergy in the white and colored 
races. Following this thought we see from our table that no three-plus 


TABLE 1 
Positive tuberculin tests in a group of 1,000 cases of active tuberculosis by classification of the 
disease, race, intensity of the reaction and strength of the dilution of the 
tuberculin preparation 


WHITE 


w 


CLASSIFICATION 


| 3rd Inj. 


3rd Inj. 
1st Inj. 
2nd Inj. 
3rd Inj 
| 2nd Ij. 
3rd Inj. 
1st Inj. 
2nd Inj 
3rd Inj. 


| 2nd Inj. 
| ist Inj. 


| 3rd Ij. 


Moderately advanced 
Far advanced 


cooooro 

to 
ccooooco 

j 
nino wo | Is 

dD 
| 2nd Inj. 
cooooco 


Tracheobronchial tuberculosis. . . 
Tuberculous cholecystitis 


ooooo 
coooo 
coooo 


coooro 
looooo 


S 
oooco 
oooco 


‘57 


3 


(94 6 1/35 


The following positive reactions were associated with a lymphangitis: 
Three 2+ reactions in minimal cases. 

Two 1+-, one 2+ and two 3+ reactions in moderately advanced cases. 
One 1+, two 2+ and one 3+ reactions in far advanced cases. 


reactions were elicited in the colored race, using all three dilutions; 
whereas, in the white race 6 three-plus reactions were obtained in the 
minimal group (4 following the first injection and 2 after the second). 
In the moderately advanced category, 9 three-plus reactions were ob- 
tained after the first injection; in the far advanced group 22 three-plus 
reactions were elicited (20 after the first injection and 2 after the second 
injection). One case of pleurisy with effusion and one case of renal tuber- 
culosis in the white race gave a three-plus reaction after the first injec- 


— COLORED | 

4 

| 
340 
1 
Pleurisy with effusion...........| 6 
Bone and joint tuberculosis......| 4 | 18 
Tuberculous peritonitis and en- | 
| 7 
Renal tuberculosis.............] 1 §. 
| 1 
SE 
1| 1 
= |— 
| 977 
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tion. This makes a total of 39 three-plus reactions in the white race. 
In the colored race, however, no three-plus reactions were elicited with 
any strength of tuberculin but the number of whites examined was 
approximately eight times the number of colored. The general belief 
among tuberculosis workers is that the degree of allergy is somewhat 
higher in the colored race than in the white but our results do not bear 
out this fact. : 

Another point of interest in connection with table 1 is that the major- 
ity of our cases fall in the far advanced category, consequently the largest 
number of positive reactions was obtained in this group. 


TABLE 2 


Percentage positive tuberculin reactions in a group of 1,000 cases of active tuberculosis according 
to classification of the disease and strength of the dilution of the tuberculin preparation 


FIRST SECOND THIRD 
INJECTION INJECTION INJECTION 
CLASSIFICATION 1-1,000 or | 1-100 or 1-10 or 
0.1 MG. 1 Mc. 10 Mc. 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


85 
Moderately advanced 89.1 
Far advanced 84.5 
100 
Pleurisy with effusion 88 
Bone and joint tuberculosis 94.4 
Tuberculous peritonitis or enteritis 100 
Renal tuberculosis 80 
Miliary tuberculosis 100 
Tracheobronchial tuberculosis 100 
Tuberculous cholecystitis 100 


7 
9 


0 
0. 
1. 
0 
0 
0 
0 
0 
0 
0 
0 


Table 2 represents the percentage of positive reactions by classification 
of the disease and strength of the dilution of the tuberculin preparation. 
It is readily seen that many positives would be missed if only the first 
injection were used. We earnestly recommend repeating the test with 
1 mg. if the first injection of 0.1 mg. is negative. In our series of 977 
positives, 8 (0.8 per cent) were obtained only after the third injection of 
10 mg. All of the minimal cases except one reacted positively to either 
the first or second injection, about five times as many reacting to the 
first. In our moderately advanced group the overwhelming majority 
reacted to the first injection; this is also true for the far advanced group. 
Six far advanced cases were not positive reactors until the third injection 
of 10 mg. was given. All of the extrapulmonary cases except 2 (Pott’s 
disease and renal tuberculosis) reacted positively to tuberculin. 

Paretsky (9) has advocated the diagnostic application of high doses of 


| TOTAL 
| 10.2 
| 13.6 | 
| 0 | 
| 12 
| 5.6 
| 
| 20 
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tuberculin and he states that this procedure has helped in establishing 
diagnosis in a number of tuberculous and nontuberculous cases. 

Appel, Douglas, Jocz and Willis (10) made a study of the relation be- 
tween tuberculin allergy and clinical course in a group of 179 patients. 
They found that in the group of patients who were improving tuberculin 
sensitiveness increased in 35.6 per cent, decreased in 21.1 per cent and 
remained stationary in 43.3 per cent; in the group of patients whose 
lesions were progressing, the following figures were obtained: tuberculin 
sensitivity increased in 16.6 per cent, decreased in 55.5 per cent and re- 
mained stationary in 27.8 per cent. The significant point in this study 
is that tuberculin sensitivity decreases more readily in patients whose 
lesion is progressive. These workers also found that the tuberculin 
reaction varied greatly in degree and no correlation could be estab- 
lished between the intensity of the reaction and the extent of the lesion. 
Another point of interest was that no patient with an accepted diagnosis 
of tuberculosis failed to react to tuberculin and no patient who reacted 
positively turned negative. This latter finding was duplicated in the 
study under consideration. 


SUMMARY AND CONCLUSIONS 


1. We have presented the results of a tuberculin survey of 1,000 
patients with active tuberculosis hospitalized at Herman Kiefer Hos- 
pital. 

2. The overwhelming majority of our cases (97.7 per cent) were tuber- 
culin-positive; negatives were: 17 very far advanced cases with cachexia, 
one case of terminal bilateral renal tuberculosis, one case of lumbar 
Pott’s disease, one case of pleurisy with effusion, 2 moderately advanced 
cases and one very minimal case with dry pleurisy. Since the present 
writing, 8 of the far advanced cases failing to react to tuberculin have 
expired, 5 are critically ill, one is unimproved, 2 have slightly improved 
and one improved sufficiently to be discharged. The moderately ad- 
vanced negative reactor who was operated on for a strangulated hernia 
is now critically ill from tuberculous peritonitis as well as pulmonary 
tuberculosis. 

3. Absent allergy in the presence of known tuberculosis may occur 
more frequently in the far advanced category than in the minimal or 
moderately advanced group. This statement is based on the fact that 
only one of the 68 minimals tested failed to react to tuberculin and the 
diagnosis was doubtful in this case, while in the moderately advanced 
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group only 2 out of the total of 342 tested were nonreactors and one of 
these had a doubtful diagnosis of tuberculosis; whereas, in the far ad- 
vanced category, 17 nonreactors were found in the group of 528 tested 
and the diagnosis was certain; 78.3 per cent of the entire group of 23 
nonreactors were cases of far advanced pulmonary tuberculosis. 

4. We believe from this study that, as a general rule, the tuberculin 
reaction is positive in cases of active tuberculosis, both pulmonary and 
extrapulmonary, with few exceptions and that the overwhelming major- 
ity of positive reactors are elicited after the first injection. 


I am very grateful to Dr. Bruce H. Douglas of Herman Kiefer Hospital for his valuable 
advice and help in the presentation of this study. 
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CLINICAL AND LABORATORY REPORTS 


GASTROINTESTINAL DISTURBANCES FOLLOWING 
PHRENIC PARALYSIS RELIEVED BY 
PNEUMOPERITONEUM 


FRED R. HARPER! anp OSCAR S. LEVIN 


In previous communications on the effect of phrenic paralysis on the stomach 
and gastrointestinal tract, one of us (F. R. H.) pointed out the danger of serious 
and persistent gastrointestinal disturbances which might follow phrenic 
exairesis. It was further pointed out that the syndrome following left phrenic 
exairesis was characteristic and different from the syndrome following right 
phrenic exairesis. The syndrome following paralysis of the left hemidiaphragm 
was shown to be characterized by decreased appetite, feeling of fulness and 
often associated with nausea and vomiting. Four cases were reported in which 
acute dilatation of the stomach followed left phrenic paralysis and thoraco- 
plasty. However, no suggestions were made in these previous communica- 
tions regarding methods for relieving the patients of their symptoms. 

In this paper we are presenting a patient who demonstrates the character- 
istic syndrome following left phrenic paralysis accentuated by thoracoplasty; 
she further illustrates the fact that the symptoms may persist over a period 
of years and become very distressing and serious. We are also suggesting 
a method of relieving the symptoms by the use of pneumoperitoneum. 


Case Report 


The patient was a woman aged thirty-seven years. She had had pulmonary 
tuberculosis with cavitation at the left apex for which a left phrenic exairesis 
had been performed in 1931. A paravertebral thoracoplasty was done on the 
same side in 1934. She was seen by us in November, 1938. At that time she 
complained of nausea and vomiting and abdominal distention. She was very 
discouraged and begged to be operated upon for her stomach trouble, express- 
ing the hope that she would not recover from the operation. 

She gave a history of having had trouble with her stomach starting almost 
at once after the phrenic exairesis in 1931. At that time she vomited on an 
average of twice a week with an occasional upset when she would vomit more 
frequently for two-or three days. The condition became more severe after 
the thoracoplasty. After the thoracoplasty she would vomit two or three 
times a day for a period of one to two weeks and then go for several days 
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without vomiting. The vomiting generally came on about four hours after 
ameal. It was preceded by a feeling of distress and fulness. There was, how- 
ever, no pain and she seemed to have a good appetite, although after taking 
a small amount of food would become distressed so that she could not eat. 
She gave a history of feeling better if she remained in a prone position after 
finishing a meal. 


Fic. 2 

Fic. 1. Roentgenogram of stomach after left sided phrenic and thoracoplasty before 
pneumoperitoneum. Note the perpendicular position of the stomach with the pylorus and 
duodenum angulated and drawn to the left of the vertebral column. 

Fic. 2. Roentgenogram of the stomach after introducing pneumoperitoneum. Note the 
more transverse position of the stomach. The pneumoperitoneum has occupied the space 
under the elevated diaphragm and allowed the stomach to assume a more normal and relaxed 
position. 


On examination the patient was well developed but somewhat under- 
nourished. There was a scar from the previous thoracoplasty. No abdominal 
tenderness. Her pulse rate was 100 beats per minute, temperature was 98.6°F. 
Blood pressure 100 systolic and 70 diastolic. Her haemogiobin was 12.5 g. 
The urine showed a trace of albumin but was otherwise normal. The sedi- 
mentation rate was 15 mm. by the Cutler method. Gastric analysis showed 
free hydrochloric acid 28 and total acidity 48 one hour after a standard 
test meal. 
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Roentgenograms of the stomach after a barium meal showed the stomach 
to be suspended perpendicularly downward with the pylorus moved over to 
the left of the vertebral column. There was a large gas bubble in the fundus 
of the stomach under the elevated left diaphragm (figure 1). 

We did not feel that any type of surgery on the stomach would be of benefit 
and therefore advised her to try pneumoperitoneum for a time although we did 
not know how much benefit she would derive from its use. Pneumoperitoneum 
was started on November 17, 1938. She has had refills every ten to twelve 
days since, the last being in November, 1939. The refills average about 850 
to 1,200 cc. with the final readings at about plus 4 mm. of mercury. Since the 
pneumoperitoneum was started she has vomited on an average of once or twice 
a month. The vomiting now consists mostly of eructations of mucus and 
gastric secretion whereas before the pneumoperitoneum she would vomit her 
entire meal. Since starting the pneumoperitoneum she has gained nine pounds 
in weight, has improved greatly in her mental outlook and now feels that she 
is definitely improving for the first time since her phrenic exairesis in 1931. 
Roentgenograms of the stomach after a barium meal, taken March 27, 1939, 
which was over four months after starting the pneumoperitoneum, show the 
presence of air in the abdomen with both sides of the diaphragm elevated and 
the liver and spleen clearly outlined. The stomach has changed from its 
perpendicular position on the left side of the abdomen to a more transverse 
position. The pylorus and duodenum have moved over to the right side of 
the vertebral column and no longer show the evidence of tension and acute 
angulation previously seen (figure 2). 


DISCUSSION 


The case presented illustrates the typical gastrointestinal symptoms which 
may follow paralysis of the left hemidiaphragm. The roentgenograms of the 
stomach taken before the pneumoperitoneum illustrate the typical anatomical 
changes which take place in the abdomen following paralysis of the left hemi- 
diaphragm and which probably explain the symptoms. The changes are 
characterized by an elevation and loss of normal excursion of the left side of 
the diaphragm. This is accompanied by an elongation of the stomach in a 
perpendicular position and a displacement of the pylorus and first portion of 
the duodenum to the left. Furthermore, as seen in the fluoroscopic examina- 
tion, the fundus of the stomach is fixed while the pylorus moves with each 
respiration. This results in an acute angulation at the outlet of the stomach 
with resultant partial and intermittent obstruction. 

The introduction of air into the peritoneal cavity resulted in marked 
improvement in the patient’s symptoms together with corresponding improve- 
ment in the anatomical position of the stomach. 
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SUMMARY 


A case of distressing and persistent gastrointestinal symptoms following 
paralysis of the left hemidiaphragm and accentuated by left thoracoplasty is 
reported. Pneumoperitoneum was used successfully to relieve the symptoms. 
Roentgenograms of the stomach taken before the introduction of pneumo- 
peritoneum show the anatomical changes which take place in the position of 
the stomach following paralysis of the left hemidiaphragm. The roentgeno- 
grams of the stomach taken following the introduction of pneumoperitoneum 
show the improvement in the anatomical relations and function of the stomach 
as a result of the presence of air in the peritoneal cavity. 
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TRACHEOTOMY AND TUBERCULOSIS! 
MARK S. DONOVAN anp PALMER E. WIGBY 


In an article on tuberculosis as a possible late result of tracheotomy Rolleston 
(1) cites Landouzy’s paper read at the Tuberculosis Congress in Berlin in 1899 
in which the author stated that children who had had a tracheotomy for 
laryngeal diphtheria were particularly susceptible to tuberculosis and rarely 
reached adult life. This conclusion was based on the rarity of tracheotomy 
scars among recruits. Several writers subsequently disagreed with this 
assertion (3 to 10 inclusive) although in a discussion of Dhomont’s paper (10) 
Tissier stated that on following up 10 of his cases of tracheotomy 4 were found 
to be tuberculous. Rolleston had seen “several” adults who had undergone 
tracheotomy in childhood, none of whom had developed obvious signs of 
pulmonary tuberculosis subsequently. 

No reference could be found to the prolonged use of a tracheotomy wie as a 
possible predisposing factor to pulmonary tuberculosis or other lung diseases. 
In the following case report the sole evidence for considering tracheotomy a 
factor in the onset of tuberculosis is the rarity with which one finds pulmonary 
tuberculosis in a person who had shown clear lung fields roentgenographically 
at the age of thirty or over. This patient’s chest roentgenogram at age forty- 
four showed nothing abnormal except minimal calcification in the hilum of one 
lung. Thirteen months later, during which time a tracheotomy tube was in 
continuous use, she was found to have moderately advanced tuberculosis. 


J. C., a forty-four year old Mexican housewife was admitted to Parkland 
Hospital on September 8, 1937 with complaints of hoarseness and swelling 
of the neck. She had had a goitre for eighteen years and stated that it had 
increased in size during the nine months prior to admission. For six months 
preceding admission she had noticed progressive hoarseness, without difficulty 
in swallowing or breathing. The past history was noncontributory. Her 
father had had a nontoxic goitre for many years. A daughter, aged seventeen, 
had died with tuberculosis in 1936. Four children were living and well. 
Physical examination showed a generalized enlargement of the thyroid 
gland. The pulse rate was 88; blood pressure 120/70. The heart was normal 
in rhythm and size and there was no unusual cardiac impulse. An otolaryngol- 
ogist who examined the larynx considered her hoarseness due to slight lag of 


1 From the Department of Radiology, Parkland Hospital, Dallas, Texas. 
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both vocal cords on phonation, due to pressure of the goitre on the recurrent 
laryngeal nerves. The remainder of the physical examination was not 
remarkable. 

Urine analysis and red and white blood cell counts were normal. Blood 
Wassermann and Kahn tests were negative. The basal metabolic rate was 
plus 8 per cent. A chest roentgenogram showed a soft tissue mass in the 
medial portion of the right apex characteristic of intrathoracic prolongation 
of the thyroid, and a few minute areas of calcification in the hilum of the 
right lung. 

On the seventh hospital day subtotal thyroidectomy was done under avertin 
and local novocaine anaesthesia. It was found that the right lobe extended 
into the thorax. The excised gland measured 10x8x4cm. The histological 
diagnosis was diffuse colloid goitre with involution. 

After an uneventful course the patient was discharged on the eleventh post- 
operative day. Her hoarseness was slightly improved. 

Second admission, January 28, 1938. The patient was readmitted com- 
plaining of dyspnoea, marked hoarseness and cough. She dated the cough and 
dyspnoea from the onset of an acute respiratory infection three weeks before 
admission. She said that her hoarseness had disappeared for several weeks 
after her first admission, only to return with increased severity. 

Physical examination showed slight dyspnoea on bed-rest, the respiratory 
rate not exceeding 30 at any time. Temperature and pulse were normal. 
There was persistent severe cough, productive of a small amount of blood- 
streaked frothy sputum. Laryngeal examination showed a complete paralysis 
of the right vocal cord, incomplete paralysis on the left. The remainder of 
the physical examination was not significant. A chest roentgenogram on 
January 28, 1938 showed minimal calcification in the hilar area on the right 
as the sole abnormal finding. 

The blood showed a moderate secondary anemia. Five sputum examina- 
tions were negative for tubercle bacilli on direct smear. 

Because of the persistent dyspnoea on bed-rest a tracheotomy was done one 
week after admission. Thereafter she was more comfortable but her cough 
persisted. Another laryngeal examination was made on February 16, 1938, 
and it was decided to take a biopsy specimen. Sections of this tissue showed 
squamous cell carcinoma, grade 3. 

X-ray therapy was begun on February 19, 1938 and the patient was given 
5,500 r units through two ports, using high voltage and heavy filtration 
(3.5 mm. Cu equivalent). Daily treatments were given between February 
19, 1938 and March 31, 1938. 

Before her discharge from the hospital another roentgenogram of the chest 
was made on February 21, 1938 (figure 1). This showed no change from that 
of January 28, 1938. 
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The patient has since been followed in the Out-Patient Department and to 
date, November 14, 1939, there has been no sign of recurrence of the laryngeal 
carcinoma. The larynx has become almost completely stenosed by cicatricial 
contraction. Dilatation of the larynx and removal of the tracheotomy tube 
are now being considered. 

During a routine follow-up visit to the X-ray Department on March 14, 
1939 she said that she still had a moderate cough. A chest roentgenogram was 
made which showed evidence of moderately advanced tuberculosis confined 


Fic. 1 Fic. 2 
Fic. 1. Roentgenogram made February 21, 1938. Minimal calcification in right hilum 


is the only abnormality. 
Fic. 2. Roentgenogram of March 14, 1939. Disease limited to the right lung, with 


cavitation. 


to the upper portion of the right lung (figure 2). The sputum showed many 
tubercle bacilli on direct smear. Since then several subsequent X-ray films 
of the chest have shown progression of the disease. 


By entering the trachea directly, the inspired air is not warmed or moistened 
by the nose and pharynx, nor is it filtered of foreign particles by the nasal 
vibrissae. We have no way to estimate the importance of such physiological 
activities in maintaining the health of the lungs. Therefore we can only 
speculate as to whether the prolonged use of a tracheotomy tube, with no gauze 
covering at any time, was a predisposing factor in the onset of active tubercu- 
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losis in this patient. We may assume that she had repeated exposure to 
infection as there is a high incidence of the disease among the indigent Mexican 
population of this city. 

We could find only one reference to the influence of tracheotomy on lungs 
already tuberculous (2). With no case reports or bibliography, Karafidth 
states that many authors believe tracheotomy has an unfavorable influence 
on pulmonary tuberculosis. In his own experience the effect of tracheotomy 
has been variable. 

No attempt is made to draw any conclusion from this single case report. 


SUMMARY 


i. A case is reported of the occurrence of tuberculosis in a forty-five year 
old woman who showed clear lung fields by roentgenogram thirteen months 
previously. 

2. The possible effect of the prolonged use of a tracheotomy tube in pre- 
disposing to pulmonary diseases is briefly discussed. 
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SYMPTOMATIC TREATMENT OF INTESTINAL TUBERCULOSIS 
WITH TRASENTIN 


HOMER H. CHERRY! 


Isolated annular granulomatous lesions of the intestinal tract and multiple 
subserous tuberculomata are relatively infrequent complications of pulmonary 
tuberculosis. Mucosal tuberculosis is, however, a common occurrence in the 
moderate and far advanced stages and may be classified pathologically as 
ulcerative or acute and hyperplastic or chronic. Both types are present when 
involvement has existed for as long as six months. 

Its influence on future prognosis makes this complication of pulmonary 
tuberculosis important. I have shown (1) that symptoms will disclose the 
existence of mucosal intestinal tuberculosis in almost every case and even 
though perforation or generalized peritonitis is not to be expected, these 
symptoms, digestive disturbances, abdominal distress and increased toxaemia, 
will adversely affect the ultimate outcome if they are not controlled. Imme- 
diate and successful treatment of the pulmonary focus is essential to healing 
of intestinal complications, but much can be done through diet and medication 
to relieve symptoms. The annular granulomatous lesions impinge on the 
intestinal lumen merely from cicatrization and bulk of the hyperplastic tissue, 
and, not being true spasm, they do not respond well to antispasmodic medica- 
tion. Signs of partial obstruction are the most common symptoms. 

The subjective symptoms of mucosal intestinal tuberculosis, fulness after 
meals, eructation, vomiting, cramp-like pains, generalized abdominal distress 
and diarrhoea—more commonly loose stools, all originate from parasympa- 
thetic or smooth muscle stimulation at the site of ulceration. Reflex stimula- 
tion is also called into play so that innervation of the whole tract is disorganized 
as indicated by gastric hypomotility in the presence of caecal ulceration. To 
overcome these symptoms morphine has been used more specifically for pain 
and diarrhoea, but the well known smooth muscle stimulating action (2) of 
morphine and the tendency to habit formation have both made its use unde- 
sirable. Atropine has been used for its antagonism to parasympathetic stimu- 
lation. Everyone has recognized the need for an antispasmodic devoid of the 
unpleasant side actions accompanying maximum therapeutic doses of this 
drug which are required to control symptoms of mucosal intestinal tuberculosis. 


1 Valley View Sanatorium, Paterson, New Jersey. 
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Trasentin, a relatively nontoxic synthetic, antispasmodic drug with the 
formula (C6H5) 2—CH—CO—O—CH2—N (C2H5) 2. HCL, has recently 
been placed on the market. Meier (3) and others found that the antispasmodic 
action of trasentin on the intestine im situ of anaesthetized animals was both 
neural and muscular, the latter action exceeding that of atropine and equal to 
that of papaverine. The neural action of trasentin, when in concentrations 
of 20 to 1, equalled that of atropine. The inhibition of normal peristaltic 
action common to atropine was negligible and tachycardia, mydriasis and 
xerostomy did not exist. This would indicate that the action of trasentin 
seems more selectively localized to the hollow viscera below the diaphragm. 
Why this is does not seem clear. In conjunction with my observation of its 
action on the tuberculous intestine I have observed that urinary bladder and 
uterine pain of neural origin has been perfectly controlled which would support 
this conclusion. Einhorn (4) has observed an inhibition of parasympathetic 
innervation of the gallbladder. 

Methods of clinical study: Eight cases of mucosal tuberculosis of the intes- 
tinal tract complicating pulmonary tuberculosis were studied. All exhibited 
symptoms. Six were studied by barium-meal technique before administration 
of trasentin and again during its administration. Daily observations for 
symptomatic influence and the appearance of undesirable side actions were 
made. Each patient received an enteritis diet and 150 mg. of trasentin by 
mouth morning and night. 

Results: The full therapeutic effect usually appeared at the end of forty-eight 
hours after the first dose was administered. Symptoms were completely 
relieved in 5 patients, greatly improved in 2 and slightly improved in one. 
As a result those whose symptoms were improved took food more freely and 
felt better generally. The undesirable side actions associated with atropine 
did not appear in any case. 

The X-ray study after the administration of trasentin revealed a return of 
haustral markings and reduced motility at six and twenty-four hours, approach- 
ing normal in one case, reduced motility at six and twenty-four hours in 2, 
reduced motility at six hours in one and no change of motility or haustral 
markings in two. The thickening of the bowel wall in hyperplastic intestinal 
tuberculosis destroys normal haustral contour, and, on account of the process 
being largely tissue hyperplasia and cicatrization, relaxation should not be 
expected. Four of the cases studied had the hyperplastic type which would 
account for the variation in X-ray findings and improvement of subjective 
symptoms. 
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CONCLUSION 
Trasentin will control the symptoms of mucosal intestinal tuberculosis in 
concentrations which do not produce the undesirable side actions associated 
with atropine. 
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TREATMENT OF STREPTOCOCCAL EMPYEMA WITH 
NEOPRONTOSIL INTRAPLEURALLY! 


MAURICE J. SMALL aAnp SIDNEY S. GREENBERG 


The intrapleural treatment of streptococcal empyema by the use of sulfanil- 
amide derivatives has been carried out in only a few instances and in no case, 
as far as we have been able to find, has the absorption and elimination of the 
drug from the pleural space been determined. A case so treated and studied 
forms the basis of this report. 

A large number of investigators have used sulfonamide compounds orally, 
intramuscularly, or both, in the treatment of streptococcal (1 to 9) and pneu- 
mococcal (10) empyema. All of these, except Lester (9), report clinical cures. 
Of particular interest is the report of Kent and Sawyer (7) who found oral 
administration of prontylin to be effective in bilateral streptococcal empyema 
four and a half months after thoracotomy and antiserum treatment had failed. 

Several workers have given these compounds orally, intramuscularly, or 
both, and in addition intrapleurally in streptococcal (11 to 15), pneumococcal 
(17), and in presumably acute nonpyogenic, tuberculous (16) empyema. 
Ballon and Goldbloom (11) report several interesting cases of very wide- 
spread streptococcal infection with involvement of lung, pleura and chest 
wall in which sulfonamide compounds orally and intramuscularly were effective 
after numerous other therapeutic measures had failed. In one of these cases 
after oral and intramuscular sulfonamide administration and rib resection had 
failed, intrapleural administration of prontosil appeared to be effective. 

The first reference to the use of sulfonamide compounds intrapleurally in 
empyema which we have been able to find is that of Tiling (18). This report, 
however, is very brief and gives neither bacteriology of the organism, chemical 
studies nor case reports. 

In their experimental studies Gay and Clark (19) state, ‘“Sulfanilamide 
prevents the evolution of an invariably fatal streptococcal empyema in rabbits 
when it is given repeatedly and in sufficient doses subcutaneously.” On the 
other hand Nicholson (20) reports that intrapleural prontylin is ineffective in 
experimental streptococcal empyema of rabbits. Long and Bliss (21) suggest 
that these discrepant results may be due to difference in dosage by these two 
investigators. 


1 From The Division of Pulmonary Diseases, Montefiore Hospital, New York City. 
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Case Report 

M. F., a forty-two year old Jewish millinery jobber, entered Montefiore Hos- 
pital in February, 1938, with a history of cough of fifteen years’ duration, 
hoarseness treated symptomatically from 1934 to 1936, and a small haemop- 
tysis in 1936. Roentgen examination in November, 1936 led to a diagnosis of 
pulmonary tuberculosis. He remained at the Workmen’s Circle Sanatorium 
from January to May, 1937; sputum was positive and a roentgenogram re- 
vealed extensive bilateral nodular densities with at least one small cavity in the 
left apex. In May, 1937, the patient was transferred to the Mt. Sinai Hospital 
for bronchoscopy because of the onset of asthmatoid seizures; no bronchial 
lesion was found. The sputum was positive, the larynx reddened. The pa- 
tient refused pneumothorax therapy and left the hospital. In February, 
1938 there was increase of cough and dyspnoea so that he sought admission to 
Bronx Hospital, where pneumothorax was immediately induced on the right 
side. 

The patient was transferred here and pneumonolyses were done on the right 
side in May and June, 1938, followed by temporary serous effusion. Left 
pneumothorax was induced November, 1938. Both pneumothoraces were 
abandoned January 24, 1939 when the patient developed an acute episode with 
vomiting. Operation on January 27, 1939 revealed a perforated gastric ulcer 
which was repaired. There was no previous ulcer history. The postoperative 
course was uneventful until the eleventh postoperative day February 6, 1939 
when the patient developed a sudden excruciating pain in the left side of his 
chest, became very dyspnoeic and temperature rose rapidly to 102°F. Physi- 
cal examination revealed dulness and decreased breath and voice sounds on 
the left; white blood count, 42,000. A needle was inserted February 7 to take 
pressure readings. Fluid was found and 600 cc. of thin, turbid, amber colored 
fluid were removed with final intrapleural readings markedly negative. This 
fluid contained haemolytic streptococci. On February 8, 1939 the patient 
eviscerated through the site of his abdominal incision; reduction was accom- 
plished in bed. On the fourth day of this acute episode a friction rub was noted 
on the left. Thoracocentesis on the fifth day yielded 450 cc. of fluid similar to 
that first obtained, and several days later the sputum, which had previously 
been white, was reddish-brown. Sulfanilamide orally was begun on the third 
day of this episode when the temperature was 104°F. This was followed by a 
rather marked drop in temperature and also by a gradual drop in the erythro- 
cyte count and increasing cyanosis, necessitating discontinuation of the drug 
after one week of administration. A total of 24 g. of sulfanilamide was given 
and the maximum blood sulfanilamide concentration was 6.7 mg. per 100 cc.; 
at this time the temperature hovered between 100° and 101°F. 

For the next three months the patient got along fairly well. ‘Temperature 
returned to normal levels by March 24, 1939, but massive empyema persisted. 
One thoracocentesis was done in April and 600 cc. of thick, green pus contain- 
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ing nonhaemolytic streptococci was obtained. In view of the persistence of 
this streptococcal effusion it was decided to treat this case by intrapleural 
instillation of neoprontosil following thoracocentesis. This therapy was begun 
in May, 1939, about six weeks after the previous aspiration and four months 
after the acute empyema had subsided. Thoracocenteses were done at about 
weekly intervals, 5 cc. of 2.5 per cent neoprontosil (Winthrop) were first in- 
jected and later increased to 25 cc. Blood determinations for sulfanilamide 
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were carried out at first every four hours following instillation of the drug. 
It was found that the blood level never reached more than a trace of sulfanil- 
amide regardless of the dosage given. With the highest intrapleural dose of 
0.625 g. neoprontosil, the excretion of free sulfanilamide in the urine within 
the next forty-eight hours was 0.079 g.2_ Most of the neoprontosil appeared to 
remain in the pleural fluid where it could be recovered after one week. Seven 


2 All determinations of sulfanilamide were carried out by Miss Nannette Metzger, of the 
Laboratory Division, using the method of Marshall. Only the unconjugated form was 
determined. 
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thoracocenteses and neoprontosil instillations were done over a period of six 
weeks. The fluid changed from a thick, green pus to a thinner, light reddish- 
brown fluid; the quantity obtained at each successive aspiration decreased. 
The first five samples of the aspirated fluid were bacteriologically positive, 
three showing nonhaemolytic streptococci and two alpha prime haemolytic 
streptococci; the sixth aspiration yielded material which was bacteriologically 
negative on smear and culture. The accompanying chart summarizes therapy, 
chemical and bacteriological findings. Fluoroscopic and roentgenographic 
examinations one week after the last thoracocentesis showed no fluid, con- 
firmed by an attempted aspiration at the usual site. There was no significant 
change in repeated blood counts or haemoglobin determinations during this 
therapy. The patient’s weight rose from 125 pounds during treatment to 
141 pounds several weeks after treatment. 


Although it is impossible to maintain from this one case that there was 
a causal relationship between the instillation of neoprontosil and the disinfec- 
tion and resorption of this fluid, we wish to stress the following points: 


1: Failure of the empyema to resorb spontaneously from February to May, 
1939. 

2: The insignificant absorption of neoprontosil from this chronically infected 
pleural space in spite of high pleural fluid level. (We have since seen a pleural 
fluid level in another patient of 60 mg. sulfanilamide per 100 cc. with only a 
trace in the blood.) 

3: The absence of haematological complications when sulfanilamide was 
administered intrapleurally in contrast to oral administration, as first done in 
this case. 


It would appear from our work and also that of Schlenker (16) and Brown 
(12) that this method of therapy is effective precisely at the time when surgical 
intervention is usually resorted to, namely, when the fluid becomes thick and 
difficult to aspirate (9). It also raises interesting questions as to the possi- 
bility of local therapy with, and the absorption of, sulfonamide compounds by 
other routes. In the meningitides, for example, it has been shown (22 to 24) 
that very little neoprontosil given in large doses orally or parenterally pene- 
trates the cerebrospinal fluid—blood barrier. 

In conclusion, we believe that this method of treatment deserves further 
trial in effusions due to infection with organisms in which the sulfonamide 
compounds have been shown to be effective. 


SUMMARY 


A case of chronic streptococcal empyema successfully treated with intra- 
pleural neoprontosil is presented. It was found that the systemic absorption 
of neoprontosil from the pleural space was minimal. 
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SULFAPYRIDINE IN AVIAN TUBERCULOSIS 


The Effect of Sulfapyridine on the Bacillaemia of Rabbits Infected 
Experimentally with Avian Tubercle Bacilli 


ALFRED G. KARLSON! anp WILLIAM H. FELDMAN? 


Feldman and Hinshaw demonstrated that sulfapyridine will modify the 
lesion of experimental tuberculosis in the guinea pig. They found that when 
the drug was administered each day for several days prior to infection with 
human tubercle bacilli and daily thereafter the course of the disease was modi- 
fied as indicated by the gross appearance of the lesions at necropsy. In general 
the spleens of the treated guinea pigs showed grossly little or no involvement in 
contrast to those of the untreated animals in which miliary or conglomerate 
tubercles were readily detected. 

Recently Corper, Cohn and Bauer reported that sulfanilamide and sulfapyri- 
dine modify the lesions of experimental tuberculosis by retarding the natural 
propensities of the monocytic cells to form tubercles and not by any specific 
action on the tubercle bacillus itself. They expressed the belief that a leuco- 
toxic action of the drugs suppresses the proliferation of the tubercle-forming 
cells in the spleen. As a consequence the spleens of the treated animals are 
smaller than those of the untreated animals in which the monocytic hyper- 
plasia is not suppressed. They expressed the belief that the drugs do not have 
any effect on the infective agent itself. 

In order to determine the effect of sulfapyridine on tuberculous bacillaemia 
we used rabbits inoculated with avian tubercle bacilli, since this microérganism 
when injected intravenously usually produces fatal bacillaemia in these 
animals. 

Blood cultures were studied of infected rabbits treated with sulfapyridine 
and of those not treated. 


METHODS 


Animals: Sixteen large rabbits weighing approximately 2,400 g. each were 
divided into four groups as follows: 

Group A consisted of 4 rabbits. Each received by mouth 250 mg. of 
sulfapyridine twice a day for two days prior to an intravenous inoculation of 


1 Fellow in Comparative Pathology, The Mayo Foundation; now in St. Paul, Minnesota. 
? Division of Experimental Medicine, The Mayo Foundation, Rochester, Minnesota. 
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0.000,1 mg. of avian tubercle bacilli? The drug was administered in the same 
dosage twice daily till the animals succumbed. 

Group B consisted of 4 rabbits, each of which received an intravenous inocu- 
lation of 0.000,1 mg. of the avian tubercle bacilli. On the fifteenth day fol- 
lowing the inoculation and every day thereafter till death each rabbit received 
by mouth 250 mg. of sulfapyridine twice daily. 

Group C consisted of 4 rabbits, each of which was given 0.000,1 mg. of avian 
tubercle bacilli intravenously. These animals did not receive sulfapyridine. 

Group D consisted of 4 rabbits that were infected intravenously with 
0.000,1 mg. of avian tubercle bacilli at the same time as the animals in groups 
A, B and C. The rabbits in group D were not given any sulfapyridine nor 
were they subjected to the frequent bleedings for culture study as were the 
rabbits in groups A, B and C. 

Culture studies: On the day following the inoculation of the tubercle bacilli 
and every other day thereafter till death, with the exception of an interval of 
two days between the seventh and eighth bleeding, the blood of each rabbit 
in groups A, B and C was cultured as follows: 2 cc. of blood were removed from 
the saphenous vein and placed in a test tube containing 0.2 cc. of 0.5 per cent 
solution of heparin in physiological sodium chloride solution. With Pasteur 
pipets the blood was transferred directly to two Petri plates of glycerinated 
egg-yolk-agar made according to the method of Herrold. 

The plates were incubated right side up for twenty-four hours at 37°C. to 
allow for drying. They were then sealed with large rubber bands and incu- 
bated for four weeks at the end of which time the colonies were counted. 


RESULTS 


Animals: The sulfapyridine apparently had no effect in prolonging the lives 
of the rabbits. With one exception all the animals died at about the same 
time. In group A, 3 died on the twentieth day following inoculation and one 
died on the twenty-second day. 

In group B, in which the infection had existed for fifteen days before sul- 
fapyridine was given, one died on the nineteenth day, 2 on the twentieth day 
and one survived for thirty-five days. This animal gave birth to a litter of 
young about the twenty-sixth day. The administration of sulfapyridine was 
discontinued on the thirtieth day after infection and the animal died five days 
later. In group C, 2 of the rabbits died on the nineteenth day and 2 on the 
twenty-first. Of the rabbits in group D, one died on the eighteenth day, 2 
on the twenty-first and one on the twenty-fourth day following the inoculation 
with tubercle bacilli. 


3 The culture had been isolated three months previously from the spleen of a chicken with 
spontaneous tuberculosis. A two week old subculture of the original culture was used. 
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The gross lesions in all the rabbits, including the one that survived for thirty- 
five days, were those of the Yersin type of tuberculosis. The spleen was found 
to be enlarged from two to six times but did not contain gross tubercles. Mil- 
iary tubercles were present in the mesentery and the serous surfaces of the 
intestines. No gross tubercles were found in the lungs, liver or kidneys of 
any of the animals. Smears of the splenic pulp revealed innumerable acid- 
fast bacilli. 

The frequent bleeding did not have any apparent ill effect on the animals 
since the rabbits that were not bled (group D) did not survive longer than the 
animals of the other groups. 

Blood culture studies: The large rubber bands used to seal the Petri plates 
were adequate for this purpose. The plates retained their moisture for 
the entire four weeks of incubation. Of 214 plates inoculated only 12 were 
discarded owing to contamination. The colonies of avian tubercle bacilli 
could be seen in seven to ten days. After four weeks of incubation the colonies 
were large and could easily be counted on most of the plates. On some of the 
plates inoculated with blood from the untreated animals the colonies were so 
small and numerous that the number of colonies was determined by counting 
the colonies in ten representative areas of 1 sq. cm. each and calculating the 
number on the total area of the plate. 

The number of colonies of avian tubercle bacilli on the 76 plates inoculated 
with blood from the rabbits in group A ranged from zero to 171 with an aver- 
age of 42. These rabbits had received sulfapyridine two days prior to and 
each day following their inoculation with avian tubercle bacilli. 

For group C, the rabbits which did not receive sulfapyridine, the number of 
colonies ranged from 3 to 1,790 with an average of 217 for 74 plates. 

For the first fourteen days following their inoculation the number of colonies 
on the plates inoculated with blood from rabbits in group B ranged from 3 to 
508 with an average of 109 for the 52 plates, as compared to a range of zero to 
171 with an average of 46 for group A during the same period. As mentioned 
previously sulfapyridine was given in two daily doses of 250 mg. to each animal 
in group B on the fifteenth day and each following day. The average number 
of colonies on the plates during this period was 353 for 20 plates, as compared 
to an average of 17 colonies for 22 plates for the animals in group A. During 
the same period the average number of colonies obtained from the blood from 
animals in group C was 435. 

A comparison of the average of the number of colonies per plate for the 8 
plates from each bleeding of each of the three groups is shown graphically in 
chart 1. The counts are not recorded beyond the nineteenth day because all 
the rabbits but one were dead before the time for the next bleeding or the 
twenty-second day. 

It will be noted that there are no essential differences between any of the 


| 


SULFAPYRIDINE IN AVIAN TUBERCULOSIS 149 


groups for the first six days. The initial decrease in the numbers of bacilli 
in the blood-stream was apparently due to the localization of the bacteria that 
were introduced. As the bacteria multiplied they were disseminated from the 
foci of infection in increasingly larger numbers. There is no significant differ- 
ence between groups Band C. The administration of the sulfapyridine to the 
rabbits in group B on the fifteenth day following the injection of avian tubercle 
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bacilli had no apparent effect in decreasing the number of avian tubercle 
bacilli to a significantly low level. 


SUMMARY 


Four rabbits were given by mouth 250 mg. of sulfapyridine twice daily for 
two days and were then inoculated intravenously with 0.000,1 mg. of avian 
tubercle bacilli. The drug was administered daily till death. Four other 
rabbits were inoculated intravenously with a similar amount of the same cul- 
ture of avian tubercle bacilli. To this group sulfapyridine was administered 
in doses of 250 mg. twice a day on the fifteenth day and on each successive 
day. A third group of 4 rabbits was infected with 0.000,1 mg. each of the same 
culture of avian tubercle bacilli but was not treated with sulfapyridine. Two 
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cubic centimeters of blood from each of the 12 rabbits was cultured every other 
day on two plates of glycerinated egg-yolk-agar. The colonies were counted 
after four weeks of incubation. Comparisons were made of the average of the 
number of colonies on the plates representing each group of animals. 


CONCLUSIONS 


1. The daily administration of sulfapyridine failed to prolong the lives of 
rabbits artificially infected with avian tubercle bacilli. 

2. Sulfapyridine failed to modify the gross changes characteristic of the 
Yersin type of tuberculosis in rabbits inoculated with avian tubercle bacilli. 

3. In rabbits that received sulfapyridine before being infected and twice 
daily thereafter, the number of cultivable avian tubercle bacilli in the blood 
was reduced apparently as a consequence of the drug. 
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Artificial Pneumothorax. Its Practical Application in the Treatment of Pul- 
monary Tuberculosis. Edited by Dr. Edward N. Packard, Dr. John N. Hayes 
and Dr. Sidney F. Blanchet. Foreword by Dr. E. R. Baldwin. Contributors: 
Drs. E. R. Baldwin, Sidney F. Blanchet, Daniel M. Brumfiel, Hugh Burke, 
Leroy U. Gardner, John N. Hayes, Fred H. Heise, Hugh M. Kinghorn, Henry W. 
Leetch, Edgar Mayer, Edward N. Packard, J. Woods Price, Homer L. Sampson, 
Charles C. Trembley, Francis B. Trudeau, Edward S. Welles, W. Warriner 
Woodruff. Pp. 300, with 85 figures, Lea & Febiger, Philadelphia, 1940, cloth, 
$4.00. 


By MAX PINNER 


Both in the Preface and in the Foreword it is stated that this volume is written 
with special regard to the practical application that it may find. This aim ap- 
pears, with minor exceptions, well achieved. Based largely on the work of a 
prominent group of Saranac Lake physicians, it embodies the great and varied 
experience of leaders in this field of endeavor. It is addressed, so it seems to 
this reviewer, more to the relatively inexperienced phthisiotherapist; it stresses, 
therefore, more well established practice than points of controversy or certain 
puzzling problems in pneumothorax treatment, such as, for one, the significance 
of endobronchial lesions in indication and contraindication. 

Chapters of outstanding interest and excellence are those on Pleural Com- 
plications and on Results. 

On the other hand, the chapters dealing with physiology and indications 
are probably somewhat too vague, their value could be greatly enhanced by 
more preciseness and further elaboration of pertinent details. 

In the ever-present dilemma between completeness and elaborate detail on 
one hand and brevity and conciseness on the other hand, the latter unques- 
tionably prevailed to the advantage of those who wish an eminently practical 
guide and probably to the disadvantage of those who are desirous of knowing 
all that this group of authors has to offer, not only in regard to well established 
practice, but in regard to their own problems and difficulties and doubts, as 
well. While one might then wish that this volume contained more of the prob- 
lematical side of the collapse therapy, and possibly more of its basic and 
theoretical aspects, it should be stressed that all information it does contain 
is sound and good advice. The general practice of pneumothorax treatment 
will undoubtedly be much improved if all practicing it will carefully study 
this book. 
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Epovarp Rist: La Tuberculose. Second edition. Pp. 384, with 22 figures 
and 4 plates, Librairie Armand Colin, Paris, 1939, paper, 30 fr. 


By MAX PINNER 


Thirteen years ago the first edition of Doctor Rist’s La Tuberculose was pub- 
lished. It then received the prix Bréant of the French Academy of Sciences. 
The second edition is completely rewritten and is brought up-to-date, and 
only thirty-two pages have been added. 

The more important advances of these twelve years could have hardly 
been printed on thirty-two pages. In regard to the additions, Doctor Rist 
has evidenced what is probably the outstanding virtue of this book: the wise 
economy in the presentation of his subject. It is quite amazing how it is 
possible to give such a complete picture of tuberculosis on about three hundred 
and seventy text pages, particularly when sixty-seven pages are devoted to 
the historical development and another seventy-five to the campaign against 
tuberculosis. In the remainder of the book, pathology, bacteriology, immu- 
nology, diagnosis and treatment are discussed. 

The economy of the book is made possible not by brevity of discussions, 
but by a careful selection of the features presented. All ballast of nonessential 
subject matter is omitted, and the result is a clear, fundamental treatise. It 
is not a textbook; it does not give advice on diagnostic procedures; it is no 
guide for therapeutic technique. It contains the basic information that every 
physician should have, whether or not he is specifically interested in tuber- 
culosis. 

The book is enhanced by the beauty of its style, by the ease with which it 
is read and by the coherence and plausibility of its contents. 

It should deserve special mention that Doctor Rist presents well balanced, 
brief and critical comments on the two subjects on which few American authors 
see eye to eye with most of their French colleagues: the filtrable phase of 
the tubercle bacillus and BCG vaccination. Even so, one might not be quite 
ready to accept some of the evidence presented in favor of BCG. The fact 
that Wallgren had no tuberculosis deaths in 230 vaccinated babies seems rather 
unconvincing when—according to the then prevailing death rate of 3.9 per 
1000—the statistical expectation appears to be less than one death, had the 
group of 230 babies not been vaccinated. 

Doctor Rist seems to insist that active pulmonary tuberculosis cannot be 
diagnosed with certainty without confirmation by bacteriological findings. 
Possibly in accordance with this, he does not mention the importance of diag- 
nosing the really early asymptomatic lesions, although he stresses duly the 
necessity of X-ray films in diagnosis. 

One of the leading factors in pathogenesis—in which a dominant place is 
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ascribed to endogenous reinfection—is, according to the author, the fluctuation 
of allergy. Marked decrease or disappearance of allergy, firmly coupled with 
immunity, provide the main explanation for activation and progression. But 
opinions, whether agreed to or not, as clearly stated and as ably defended as 
in Doctor Rist’s book, are stimulating. 

It seems regrettable that the dignity and value of this treatise could not 
have been matched by a better material appearance of.the book. 


Brief Comment 


Tuberculosis. A Bibliography of Articles Published as Part of a Coéperative 
Investigation by the National Tuberculosis Association, The United States Public 
Health Service, and Certain Universities and Institutions. Prepared by the 
National Tuberculosis Association, Committee on Medical Research. Pp. 52, 
Federal Security Agency, U. S. Public Health Service, Washington, 1939, 
paper. 

This list of 488 articles, all published under the auspices of the Committee on 
Medical Research of the National Tuberculosis Association, gives an idea of 
the scope of the work that has been done in a codperative plan under the Re- 
search Committee from January 1, 1921 through June 30, 1939. Anyone 


interested in the investigative aspects of tuberculosis work during this time 
will find this to be a valuable reference list. 


Directory of Medical Specialists. Certified by American Boards. Dr. Paul 
Titus, Directing Editor. Pp. xv + 1573, Columbia University Press, New York, 
1940, cloth, $5.00. 

“The publication of an official Directory, listing the names, addresses, and bi- 
ographic data of the more than 14,000 specialists certified to date by the 
Americar Boards, was formally authorized by the Advisory Board for Medical 
Specialties at its meeting in Chicago in February, 1939. 

“This Directory has been designed closely to coordinate the work of the 
several special Boards by combining in one volume the details of the activities 
of all of the Boards, with lists of their Diplomates. 

“Tt is planned to issue revised editions of the Directory every two years. 
It is earnestly hoped that the Diplomates of the Boards, realizing the purposes 
and importance of this Directory in furthering and coordinating the work 
of their Boards, will give this and subsequent editions their individual, cordial 
support.” (Quoted from the Introduction) 
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Books Received 


GrEorGES CANETTI: Les réinfections tuberculeuses latentes du poumon. Pp. 
305, Vigot Fréres, Paris, 1939, paper, 60 fr. 

Jutio Cesar Pancas: La primoinfeccién tuberculosa del adulto. Tesis de 
Doctorado, Universidad Nacional de Buenos Aires. Pp. 103, Estableci- 
miento Tipografico de A. Guidi Buffarini, Buenos Aires, 1939, paper. 

Lewis GREGORY COLE AND WILLIAM GREGORY COLE: Pneumoconiosis (Sili- 
cosis): The Story of Dusty Lungs. Pp. vii + 52, plus an Appendix, New 
York, John B. Pierce Foundation, 1940, cloth, $1.00. 

R. A. McCance AnD E. M. Wippowson: Chemical Composition of Foods. 
Pp. 150, with numerous tables, Medical Research Council, London, His 
Majesty’s Stationery Office, 1940, fabrikoid. 

G. Sayaco, with 15 collaborators: Tisiologia. Pp. 481, with many illustra- 
tions, Imprenta de la Universidad, Cordoba (Rep. Argentina), 1938, paper. 

Manual of Public Health Nursing. Third edition. Prepared by The Na- 
tional Organization for Public Health Nursing. Pp. xvi + 529, New York, 
The Macmillan Company, 1939, cloth, $2.50. 

Verslagen der Tuberculose-Studie-Commissie van de Nederlandsche Centrale 
Vereeniging tot Bestrijding der Tuberculose XIII, 1939. Pp. 162, with 
many illustrations, ’s-Gravenhage, Holland, paper. 


NOTICE 


THE FIFTH PAN AMERICAN CONGRESS OF TUBERCULOSIS 
OCTOBER 13-17, 1940 AT BUENOS AIRES AND CORDOBA, ARGENTINA 


The fifth Pan American Congress of Tuberculosis, which will be held under 
the auspices of the Argentine division of the Counsel of the Latin American 
Union of Tuberculosis Societies, will meet at Buenos Aires on October 13-15 
and at Cordoba on October 16-17. 

The subjects on the official agenda are: (1) An Index of Tuberculosis in 
the Countries of South America, (2) Heredity and Contagion in Tuberculosis, 
(3) Lung Pictures of the Extrathoracic Forms of Tuberculosis. 

Each member nation of the Latin American Union of Tuberculosis Societies 
will have an official speaker on each subject. Doctors attending the Congress 
will be able to discuss the subjects on the agenda. 

Requests for information concerning the Congress should be addressed to 
Dr. Gumersindo Sayago, Chairman, 9 de Julio, 691, Cordoba, Argentina. 
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CASE-FINDING WITH FLUOROSCOPIC ROENTGEN- 
OGRAPHY?? 


EZRA BRIDGE 


Finding people with tuberculosis is a primary responsibility of all 
agencies engaged in ridding the human race of this devastating disease. 
Any method making it possible for more people to have the shadows of 
their lungs made by X-ray registered permanently on a photographic 
film, helps meet this responsibility and is worthy of serious consideration. 
When a method appears that decreases markedly the expense of such 
registration with no great loss in diagnostic efficiency, progress has been 
made. Fluoroscopic roentgenography is such a method. 

At Iola Sanatorium we studied the diagnostic value of lung shadows 
cast on a 4” x 5” X-ray film by a special apparatus known as a photo- 
roentgenographic unit and compared the results with those obtained 
in the orthodox manner using film the actual size of the chest. How 
these miniatures compared with the regulars in the hunt for clinically 
significant tuberculosis is the subject of this report. 

The use of this unit is called fluoroscopic roentgenography. It may 
be defined as a method of registering on an X-ray film the image pro- 
jected on a fluoroscopic screen by an X-ray tube energized under proper 
conditions. 

Fluoroscopic roentgenography is not new in principle. It is as old as 
X-ray itself. The story of its development shows that in: 

1895 (December) Roentgen in Germany described the action of X-rays 
on fluorescent material and on photographic emulsions when he an- 
nounced the discovery of the X-ray (1). 

1896 (April) Bleyer in England developed a way to register fluorescent 
images on a photographic plate. He called his apparatus a photo- 
fluoroscope (2). 

1909, Biesalski and Kohler in Germany described another method of 
registering fluorescent images, this time on 35 millimetre film (3). 


1 From Iola Sanatorium, Rochester, New York. 
2 Presented before the Saranac Lake Medical Society, Saranac Lake, New York, March 27, 
1940. 
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1911 (March) Caldwell in Philadelphia reported most completely on 
the principles of photoroentgenography and described his 4” x 5” camera 
and apparatus (4). 

1936 (July) de Abreu in Brazil became enthusiastic about this method 
and examined thousands of individuals using a modification of pre- 
viously described apparatus with 35 millimetre films (5). 

1938 (November) Potter of Chicago gave a preliminary report in his 
Carmen lecture upon a development by the General Electric X-ray 
Corporation, in which he had collaborated as the radiological adviser. 
This development had as its objective the possibility of satisfactorily 
utilizing a celluloid photoroentgenogram for the economies it would 
provide in case-finding. The method he described, with improvements 
reported in subsequent papers, was used in our study (6). 

1939 (May) Lindberg in Illinois found photoroentgenography on 
movie-size film inexpensive “but the method should be employed only 
where surveys could not otherwise be made or where roentgenoscopy 
is being used in place of roentgenographs for economic reasons.” (7) 

1939 Potter, Douglas, and Birkelo in Detroit, working with a unit 
such as described by Potter and also using conventional roentgenography, 
studied a group of individuals with both units and reported “Only 2.6 
per cent error in detecting 271 cases with active tuberculosis as found 
in the full-size film taken on 1610 persons.” (8) 

1940 (January) Hirsch in New York wrote on his experience with 
fluorography. He used a screen of high actinic power, f: 1.5 lens and 
high-speed 35 millimetre film (9). 

1940 (January) Potter reported upon further studies and developments 
in connection with 4” x 5” photoroentgenography (10). 

In our work, we also used the photoroentgenographic unit of the Gen- 
eral Electric X-ray Corporation. This essentially is a truncated, four- 
sided camera, 42” long with a special fluorescent, curved screen at the 
larger end where the patient is positioned, and distal to this a leaded 
glass shield in front of the high-speed lens. At the smaller end and a 
few inches beyond the lens is the 4” x 5” photographic film-holder and 
film. The lens is focused at the installation of the unit and requires no 
further attention. The resultant image is approximately 3.7” in diam- 
eter. 

The unit was installed in the X-ray department connected with the 
dispensary of the Sanatorium where upwards of 12,000 persons are ex- 
amined a year to determine whether any of them have tuberculosis and 
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if they have, to assist them in their recovery. After the installation, 
1,000 clinic patients were examined by X-ray twice within three minutes, 
using full-size film on the first occasion and the miniature (4” x 5”) film 
on the second. 

The patients were examined consecutively as they appeared each day. 
There were 450 men and 550 women. Their chests measured 15 to 28 
cm. in anteroposterior diameter. Patients with greater chest measure- 
ments were not used. The age distribution of the patients examined 
was: 46 from ten to fourteen; 104 from fifteen to nineteen; 150 from 
twenty to twenty-four; 151 from twenty-five to twenty-nine; 129 from 
thirty to thirty-four; 99 from thirty-five to thirty-nine; 88 from forty 
to forty-four; 77 from forty-five to forty-nine; 61 from fifty to fifty-four; 
48 from fifty-five to fifty-nine; 47 from sixty and over. 

The technique used in exposing the regular-size film was 60-79 KvP, 
500 milliamperes, 1/30 second time, 6-foot target-film distance with a 
rotating target tube. The corresponding technique for the miniatures 
was 400 milliamperes, 64 to 74 KvP, 1/10 to 1/5 second, target-screen 
distance of 44 inches and the same tube. 

After these two exposures were made and the films processed, the 
results were compared. Three staff physicians interpreted all roentgeno- 
grams, reading the miniature in each case before the regular. All dif- 
ferences in opinion were reconciled before the next case was considered. 
No attempt was made to describe the findings in detail, but each roent- 
genogram was classified in one of five ways. 

This classification was based on what the roentgenogram stands for 
in general terms of pathology or disease. Its divisions were: negative; 
clinically insignificant, including apical caps, primary complexes or 
primary nodules, multiple nodulations or calcifications, parenchymal 
fibroses; suspicious; clinically significant divided into minimal, moder- 
ately advanced, and advanced tuberculosis and pleurisies, and, finally, 
“nontuberculous.” No attempt was made to separate the pleurisies into 
those with or without effusion, all being considered clinically significant 
for this survey. 

Grouping 2,000 chest roentgenographs into such hard and fast cate- 
gories presented difficulties. Shadows even in normal lungs vary widely; 
manifestations of disease even more so. Nevertheless we adhered to 
the classification. By the time we had compared several dozen, our 
percentage of agreement was much closer. At the end of the study we 
realized our skill had been a progressive development and that our dis- 
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agreement in the earlier cases was to a large extent a reflection of our 
inexperience and not because of inadequacies in the miniature roentgeno- 
grams. ‘To correct this, we reread those cases not classified as negative 
on both roentgenograms, again interpreting the miniature first. 

It must be emphasized that the aim of this study was to learn how 
many cases of significant tuberculosis are likely to be missed by an ex- 
perienced, competent observer if only the 4” x 5” roentgenogram is used. 
By significant tuberculosis we mean tuberculous infection that has pro- 
duced changes in the lungs characteristic of active disease with or with- 
out symptoms or signs. 

Comparative results in the thousand cases are reported in the follow- 
ing tables, one showing agreement and one showing discrepancies. 


AGREEMENT 


CLASSIFICATION REGULAR 


Moderately advanced 
Advanced 
Pleurisies 


DIFFERENCES 


REGULAR MINIATURES 


Negative Nontuberculous 
Negative Insignificant 
Negative Suspicious 

‘ Insignificant Negative 
Insignificant Suspicious 
Minimal Negative 
Minimal Suspicious 


& 


The first 43 differences in this list are unimportant in respect to 
significant tuberculosis, leaving 5 to be discussed. Three minimal cases 
according to the large films were called suspicious on the small. These 


MINIATURES 
422 422 
952 952 
| 
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would have been brought back were we using only the small roentgeno- 
grams. The other 2 were minimal on the large and negative on the 
small films and are counted against the miniatures. 

There were 259 cases (254 plus 5) of significant tuberculosis or 25.9 
per cent; 2, or 0.77 per cent, were missed on the small. 

There were 130 minimal cases (125 plus 5); 2 of these, or 1.5 per cent, 
were missed on the 4” x 5” roentgenograms. 

Complete agreement between the minimal cases shown by the large 
roentgenograms and the minimal and suspicious cases by the miniatures 
may not be present all of the time. Let it be recalled that two full- 
size roentgenograms taken of the same person within the same few min- 
utes may differ in small but definite ways. 

Lung shadows cast on the miniatures were observed to vary in certain 
ways from those on the full-size films. In the small film, detail of lung 
structures and disease was not quite so sharp, hilum shadows were 
thicker, and diseased areas appeared proportionately larger. This de- 
crease in sharpness is caused by longer exposure time, shorter target- 
screen distance, coarser screen texture and condensation of shadows due 
to reduction in size. 

The use of the miniatures increased production in the X-ray depart- 
ment about 50 per cent. We found them easier to handle: a holder and 
two films weigh around six ounces while a regular 14” x 17” cassette and 
film weigh about ten pounds; holders for the small film are loaded and 
unloaded quicker; screens being absent do not have to be protected and 
six miniature films are processed in one 14” x 17” film hanger at the same 
time. 

Miniature roentgenograms are economical. The amount of chemicals 
needed to process the 4” x 5” films is approximately one-tenth that for 
14” x 17” films and intensifying screens and cassettes do not have to be 
purchased, maintained or replaced. The total cost of a processed 14” x 
17” film, not including overhead, technicians’ services, capital expendi- 
ture and depreciation, but including tube-exposure cost, is from sixty 
to sixty-five cents. The same items in using the 4” x 5” film amount to 
between ten and eleven cents, or about one-sixth the cost of using the 
full-size film. An institution exposing five thousand films a year would 
save in cost of material alone nearly $2700 in the twelve months. 

Filing space needed for the miniatures we found only 33 per cent of 
that necessary for the regular films. Incidentally, the miniatures may 
be made easily available by keeping them in the folder or envelope con- 
taining the patient’s record. 
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CONCLUSIONS 


The lungs of 1,000 patients were examined by X-ray twice, using the 
usual technique and full-size film in one series, and a modified technique 
with a reducing camera and 4” x 5” film in the other. 

The two roentgenograms of 952, or 95.2 per cent of these cases, were 
interpreted the same; 48, or 4.8 per cent, had different readings; 43 of 
these 48 differences were of no importance in respect to finding active 
cases of tuberculosis. 

The group included 259, or 25.9 per cent, cases of significant tuber- 
culosis. ‘Two, or 0.77 per cent, of these were missed on the miniatures. 

Of the 130 minimal cases 2, or 1.5 per cent, were missed on the minia- 
tures. 

Use of the miniature film increased the output of the X-ray department 
about 50 per cent, reduced necessary storage space 65 per cent and de- 
creased material cost around 83 per cent. 

Fluoroscopic roentgenography has a definite place in finding significant 
tuberculosis. It is relatively inexpensive and more than reasonably 
accurate. 
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MENTAL AND NERVOUS PHENOMENA IN 
TUBERCULOSIS 


EVERETT F. CONLOGUE' ° 


The réle of the mind and emotions in tuberculosis has tempted the pen 
of hundreds of medical writers including many of the best known names 
in the fields of tuberculosis and psychiatry, as has been well revealed 
in a survey of the literature on this subject covering the past quarter 
century. And it is rightfully a matter for careful consideration, for in 
no other somatic disease is there such an opportunity for the mind at all 
its levels to exert its influence from the inception of the malady to its 
final issue or resolution. 

The inseparability of mind and body is an axiom. The human is like 
the well known dog Rover. ‘When he is sick, he is sick all over.”” How 
true is this of tuberculosis with its many protean manifestations! Tuber- 
culosis is a long range and deliberate adversary as well. It is no wonder, 
then, that in this malady with the operations of the disease within, plus 
the multitude of disturbing factors of the environment, much havoc may 
be wrought with the patient’s mental equilibrium. The entire course 
and treatment of this disease offer a tremendous challenge to the adapta- 
tive capacity of the individual, and the resultant mental and nervous 
phenomena in turn throw down the gauntlet at every step to those 
engaged in the care of patients so afflicted. 

It is proposed to discuss this subject in as practical terms as possible 
in some sequence under certain definite headings constituting thus a 
comprehensive review of an essentially varied and dynamic problem. It 
is not intended to discuss the mental and nervous changes resulting from 
localized lesions of the central nervous system or from tuberculous 
meningitis. 


PATHOGENESIS 


From the time of Hippocrates 2,000 years ago, there has been a deter- 
mined effort to establish a constitutional, or inherited type definitely 
predisposed to tuberculosis. Trained statisticians, such as Pearson, 
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Pearl and Drolet, have, for the most part, made out a positive case for 
the factor of heredity, but the validity of their data is open to debate. 
The consensus at present seems to be that the various bodily types and 
personality make-ups described are the effects and evidence rather than 
the cause or abetter of the invasion of the tubercle bacillus. Jones and 
Bogen, at the Olive View Sanatorium in California, in one of the most 
careful studies made in this country, based on anthropometric, physio- 
logical and psychological data, have failed to find any basis for the above 
and support the effects of the infection and environmental factors in 
explaining such differences between the tuberculous and others. About 
900 individuals, in another study examined by the Neymann-Kollstedt 
test, disclosed a strong leaning toward introvertive types in the tuber- 
culous; the introversion decreasing, however, with the progressiveness 
of the tuberculous lesion, indicating possibly one basic personality type 
tending toward encouragement of tuberculosis. However, as regards 
the factors of the mind and emotions, the poor mental hygiene accom- 
panying poor social and economic conditions, especially when augmented 
by the strain of adolescence, the worries, the sorrows of humanity, are 
among the factors of the environment most potent in presenting oppor- 
tunities for infection and shaping its course. According to the late 
Dr. Lawrason Brown, these psychic traumata may assist the develop- 
ment of infection into disease, may change latent to active tuberculosis. 
The modus operandi by which this is accomplished is through the auto- 
nomic nervous system, causing a lowering of resistance, through an 
increase in the metabolic rate by fear and other strong emotions with 
the discharge of excessive and wasting nervous energy. Ishigani has 
attributed the injurious effects of psychic excitation on tuberculous 
patients to a lowering of the opsonic index caused by an increase of 
adrenalin in the secretions and an increase in blood sugar—an overcom- 
pensation to the emotional stimuli which exceeds the energy limits and 
purpose of such a response. He cites the low resistance of diabetics to 
tuberculosis and furunculosis and the glycosuria noted in cases of far 
advanced tuberculosis. In neurasthenia, a nervous disorder charac- 
terized by abnormal fatigability which implies and involves real nerve 
fatigue and which is an overreaction to the difficulties of life, tuber- 
culosis is one of many somatic diseases repeatedly found on careful 
examination in association with the neurasthenic attitude, and probably 
often treated as such in cases not too thoroughly worked up; this accord- 
ing to Burr who feels that there is a somatic factor in neurasthenia, too 
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often belittled. It would seem, therefore, that nervous and mental phe- 
nomena do, in addition to other factors inherited, constitutional or 
environmental, exert a real influence in producing a case of tuberculosis. 


DIAGNOSIS 


We are concerned, at this point, with the effect of the pronouncement 
of the diagnosis on the patient, whether he shall ‘be told and what and 
in what manner. 

We are confronted at the outset with the matter of tuberculophobia 
and the patient’s preconceived idea of tuberculosis. ‘The word “lungs,”’ 
even with the increased dissemination of knowledge of tuberculosis, is 
still a terrible word for the average layman, and is more or less associated 
with the term “consumption.” Authorities, such as Fishberg and Lawra- 
son Brown, are agreed that practically all patients should be frankly told 
for the good of the public and themselves. The reaction of the patient 
at the time he is told should be noted as a guide to future treatment. 
Brown states that in a study of several hundred cases only about 4 per 
cent “went to pieces” when told and that a surprisingly large number, 
even including some expected to collapse, reacted with considerable poise. 
Probably, however, a large percentage was subject to spells of morbid 
reverie, wherein fears, anxieties, apprehensions and lowness of spirits 
colored thoughts relating to the future, to prostrated ambitions, to sepa- 
rations from loved ones, to the plight of dependents. In early cases, 
the news may be broken in installments with ample opportunity to em- 
phasize the favorable prognosis in such cases. Needless to say, the use 
of the word consumption should be avoided. ‘The suggestion has been 
made that the dose of truth given to the patient should be in inverse 
ratio to the seriousness of the case—the worse the prognosis the less of 
the truth, but such a rule should be tempered with judgment, depending 
on the individual. At the time of the diagnosis, much can be done to 
gain the patient’s confidence and codperation in facilitating the future 
handling of the case and in preventing, in some measure, neurotic mani- 
festations. The physician here can take the réle of teacher and stress 
such points as the universality of tuberculous infection, the precipitating 
causes of the disease, the effect of mind on body, the importance of ad- 
justment. Miles Breuer feels that some patients should even be shown 
the X-ray films, slides, etc., and the point emphasized that the disease 
is not a mystery for the initiated alone to comprehend. Of course, the 
chief hope in the line of such education is in the earlier cases. In hope- 
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less cases, tactful consolation and even somewhat favorable statements 
and prognosis may be in order. 


SIGNS, SYMPTOMS, COURSE 


The patient reacts to the diagnosis of tuberculosis with his emotions, 
his intelligence and his degree of suggestibility, that is, with his per- 
sonality, which is the sum total of all his experiences in life, his equip- 
ment for living, and therefore, for meeting the emotional crisis pre- 
cipitated into his existence by tuberculosis and the demands of its 
treatment. This reaction may be on the basis of a constitution already 
undermined to varying degrees by the toxins of the disease, or infiltrated 
with neurasthenic trends which may have antedated the diagnosis by 
months or years. Paton says that the personality expresses the indi- 
vidual’s biological capacity for adaptation. As personalities vary, so 
individual reactions to disease vary. 

Some of the factors the patient has to face in addition to the shock of 
the diagnosis are the fear of death, the prolonged confinement resulting 
in a change from a motile to a relatively sessile animal, financial worries, 
anxiety for family, acceptance of operative procedures and the prolonged 
uncertainty. Added to the above is the reducing effect of tuberculosis. 
The absence of pain in most cases leaves the mind free to grapple with 
the various problems assailing the patient, aggravated by his segregation. 
Conditioning the above are the extent and intensity of the disease, degree 
of toxaemia, age, sex, social and economic position. This state of affairs 
creates conflicts which may partially, completely or not at all be resolved. 
Ross and Stanbury state that a normal reaction, that is, complete accept- 
ance and adaptation is not the average. Forster and Shepard, taking 
into account the various factors above plus the patient’s previous per- 
sonality, found in a study of 100 patients that 31 were victims of emo- 
tional states, including 4 psychoses, 20 psychoneuroses, including those 
of fear, anxiety, frustration and fatigue, and 7 classed as simple malad- 
justment, involving only transient domination of the personality by the 
emotions. The psychoneurotic states are caused in susceptible indi- 
viduals by the prolonged period of concern over life and health and 
close attention to every detail of personal behavior—conditions of their 
environment making such possible. Such individuals will respond by 
rationalization, by taking unfavorable signs favorably, will substitute 
by calling on faith in the Deity and in miracles, in special media, some- 
times, in their physician. Others will exteriorize by “taking it out” 
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on the food, on the nurses, doctors, by blaming it on fatigue or digestive 
trouble. Ray Mars Simpson has said “‘when we are alone, the mind is 
quickened and revolving thoughts grind against each other as millstones 
grind when there is no corn between.”’ In the tuberculous, this unused 
energy devastates the organism to a greater degree than in the well and 
mobile individual, a state of tension is set up, strong infantile reactions, 
released with little repression of wants and magnification of trivial symp- 
toms, as well as in some a sense of inferiority or inadequacy. 

Throughout the literature, there has waged a controversy as to whether 
there is an abnormal mental and emotional state peculiar to tuberculosis. 
There has been, and probably can be, no precise evaluation of the prob- 
lem and most opinions have been on the basis of general observations 
with few detailed or controlled studies, but the subject is interesting; 
it involves the relations, if any, between tuberculosis and insanity, 
tuberculosis and genius, and the much discussed spes phthisica. Of the 
mutability of the emotional states in tuberculosis, varying of course with 
the activity of the disease and other factors mentioned, there is little 
doubt and general agreement. The temper is quicker, the imagination 
more lively, the will less strong. 

Among those postulating a specific pattern of mind for the tuber- 
culous are Munro, Crofton, Hollis, Tasche, Fishberg, Jelliffe and White. 
The latter feel that the so called ‘“‘shut-in personality” tends at the 
physiological level to tuberculosis and at the psychological to dementia 
praecox. Fishberg brands the tuberculous psyche with selfishness and 
optimism, as does Tasche. Munro seeks an explanation in tempera- 
mental individual peculiarities. Cornet feels that the toxins cause an 
inability of the individual to go beyond the evolutionary stage where 
pleasure is sought in self, and there are many others who seek to pin 
some mental label on the tuberculous. 

However, the weight of opinion is heavily on the side which feels that 
the tuberculous patient is not a character, usually, out of Dickens or 
Ben Jonson, but a human being whose reactions to tuberculosis are 
essentially his general response to life and its difficulties. Along this 
line are the conclusions of Forster and Shepard, in one of the few careful 
studies on the subject encountered, the only correlation they found being 
the patient’s previous personality and the emotional reaction. Thomp- 
son likewise believes with Pottenger that the toxin of tuberculosis assists 
in taking the lid off and uncovering or releasing the inherent personality. 
Lawrason Brown said that most patients return from their state of 
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psychic instability to the same personality exhibited before the onset of 
the disease. In support of this, Wolepor says that the character of the 
patient was moulded long before tuberculosis entered the field, and it, 
not the tuberculosis, determines the mental reaction. 

One specific trait which has aroused much controversy is that of selfish- 
ness and egocentricity. There is excuse for some manifestation of this 
trait inasmuch as the patient is engaged in a fight for life and the con- 
ditions of his environment tend to aid and abet any factors drawing atten- 
tion to the ego; but to say that selfishness is an outstanding manifestation 
of the tuberculous psyche has drawn fire from many able men. Saxe and 
Fishberg agree with Jelliffe and Evans that the consumptive is whimsical, 
self centered, irritable, capricious with his food, easily angered and 
generally infantile in reaction to life, with loss of self control, without 
ethical perception, and with brute selfishness in the ascendance. How- 
ever, Knopf springs to the rebuttal with definite commitments to the 
contrary from Biggs, Janeway, Osler, Vincent Bowditch, Klebs, Barney 
and the great Trudeau himself, who said, after thirty years experience, 
that the tuberculous “have more patience, courage, self denial, and 
unselfish devotion to others than the majority of other people.”’ Charles 
Minor said, “For one coward who whined as he went downward to the 
grave, I have seen ten brave men and women whose courage was an 
inspiration to all who saw it.” Although such patients with pre- 
dominant selfishness are seen from time to time, our sympathy is with 
the more generous opinion. Another trait of considerable interest is 
the supreme optimism of the tuberculous, the spes phthisica, so often 
referred to, occurring chiefly in the advanced stages. This is variously 
called by some as “‘whistling in the dark,” by the psychiatrists as a flight 
from reality, a defence mechanism, a thin disguise for fear. Lawrason 
Brown said that, in view of more knowledge of the disease to-day, the 
spes phthisica may give way to an attitude of mere resignation accom- 
panied by a bold front, a “devil-may-care” attitude which, however, 
may be converted to useful channels leading to recovery. Eugene 
O’Neil, the eminent dramatist, himself a former tuberculosis patient, 
causes one of the characters in his play The Straw to say that none of 
them really feel sick, speaking of pulmonary patients, and that this 
state of mind is a pipe dream that keeps them all going. Jones and 
Bogen speak of spes phthisica as a generally present phenomenon, de- 
serving of fuller recognition of its diagnostic and therapeutic possibilities, 
whether it be due to the disease process itself through its toxins, or to 
the environmental factors including the beneficial effect of regulated 
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sanatorium care with worry deliberately set in the background. How- 
ever, this is not a constant phenomenon and a patient who appears to be 
optimistic on the surface may reveal weaknesses in this protective 
mechanism on being put to the proof. In some patients a spirit of 
Oriental fatalism may prevail to some degree or alternate with undue 
optimism. Casamajor feels that this optimism is dependent on the age 
of the patient more than on anything in the disease itself and is pro- 
verbial in early adult life. 

Tuberculosis has long had ascribed to it the capacity for kindling the 
fires of genius. The roll of the great is replete with the sufferers from 
tuberculosis, too numerous to mention, but including such names as 
Milton, Chopin, Laennec, Spinoza, Schiller, Chekhov and Trudeau. It 
is maintained that the intellectual powers of genius are quickened by 
reason of the general psychic excitation resulting from the toxic action 
of the infection. Letulle says, in this regard, ‘“They astonish everybody 
with their mental and intellectual activity, their memory, their quick 
judgment; their delicate reasoning powers are of incomparable mag- 
nitude.” Robert Louis Stevenson acknowledges, himself, in the Vailima 
Letters, the immense deprivation which his recovered health meant in 
loss of stimulus to his artistic faculties. Others have noted the decrease 
in his literary output when his condition was improved, that is, when the 
psychical excitation of disease was at its minimum. 

Interesting portrayals of this aspect of the psyche of the tuberculous 
are also to be found in the character of Mimi in Puccini’s opera La 
Bohéme, and in the play The Lady of the Camillas. However, the 
thought may be advanced that the greatness of the above famous names 
may have had a strong factor of overcompensation for the burden of 
disease to be accounted for as a cause as well as the toxic products of the 
tubercle bacillus. 

The high incidence of tuberculosis among the mentally afflicted is 
well known, especially in dementia praecox. Some of the factors men- 
tioned as lying behind the frequency of this complication include the 
close living conditions, carelessness of the patients as regards personal 
hygiene, difficulty of early diagnosis due to lack of complaints in in- 
cipient cases and lack of codperation by patients. As has been men- 
tioned, there has been considerable observation and speculation about a 
similar underlying personality type in schizophrenia and tuberculosis. 
Conversely, the incidence of insanity is quite rare among the tuberculous 
and when it occurs it is no different than among the population at large. 

It is believed by some that tuberculous patients are inclined to an 
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excessive degree of sexuality. Various explanations are offered: lack of 
occupation to absorb the mind as a concomitant of the prolonged rest 
cure, the high nervous tension, the consciousness of an apparently in- 
curable disease with the desire to drain life to its dregs, excessive nourish- 
ment, all conditioned by the individual’s sex experience of the past. 
However, it is the belief of many that this characteristic is overdrawn. 

Other disturbances of the nervous system occurring in tuberculosis 
are those involving reflex phenomena referable to the vegetative nervous 
tracts. These include such phenomena as pupillary changes, vasomotor 
headaches, chest pains, dyspepsias, spastic constipation and labile 
heart action. The peripheral nerves are also involved, causing neuritis 
and various hyperaesthesias. These phenomena, notably flushing, pupil- 
lary dilatation, dermography and migraine may occur unilaterally on the 
side corresponding to the affected lung, or that in which the most recent 
or more active lesion is found; they may also occur following the induc- 
tion of a pneumothorax. Horners syndrome is considered due to pres- 
sure on the sympathetic system by a thickened or retracted pleura. 
Herpes zoster, not uncommon, is due to changes in the posterior root 
ganglia and is not located according to the site of the pulmonary disease, 
occurring chiefly between the ninth and twelfth thoracic segments but 
also on the head and as low as the knee. - Peripheral neuritis of the arm 
or leg and intercostal and sciatic neuralgia are common and aetiologies 
proposed for them include reflex, tuberculous processes adjacent to the 
phrenic or vagus nerves and a primary parenchymal origin in the nerve 
itself. These disturbances of the autonomic nervous system have been 
variously explained. Breuer believes that the tuberculous process 
causes an upset in the sensitiveness of the vegetative nervous system. 
Kredling feels that exudative processes are more likely to produce such 
changes. Potter believes that toxic changes, due to stimulation of the 
central nervous system, lead to imbalance of the vegetative nervous 
system. Solis-Cohen feels that the disturbances of the autonomic nerv- 
ous system are a defense reaction of the internal secretory organs to the 
tuberculous toxaemia, and Boas, using the Goetsch epinephrin test, 
believes that these disturbances are not specific manifestations of tuber- 
culosis, but are conditioned by a constitutional nervous instability of 
the patient. When not based on such a predisposition, they may bear 
some relation to thyroid hyperactivity. When latent, they may be 
activated by tuberculous infection and appear to belong to the same 
group and be analogous to those of neurocirculatory asthenia. However, 
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regardless of the uncertain aetiology of these phenomena, they are a 
real problem to be frequently coped with in the daily care of tuberculous 
patients. 


PROGNOSIS 


In few diseases does recovery depend so much on the attitude of the 
patient. In pulmonary tuberculosis, the road to health is long and 
tedious and often has to be travelled by patients, singularly handicapped 
by a definitely unstable nervous and mental make-up, carrying the bur- 
dens of worry and fear and goaded by the toxins of the disease. 

It seems that a more intelligent idea of the prognosis may be gained 
if, in the initial examination and on further observation, we endeavor to 
gain a clearer idea of the mental stock the patient springs from and of 
his previous psychic and temperamental make-up. At the same time, 
we may be able to differentiate cases of inherent nervous and mental 
instability from the toxic types of neurasthenic origin, as well as to 
determine which patients are most susceptible to psychic influence, thus 
establishing a guide to future management. George T. Parker has said 
that, in his opinion, the moderately advanced patient, with considerable 
activity and good temperamental make-up, has about as good chance of 
recovery as the patient with earlier and less active disease who is psy- 
chologically and temperamentally unfit, all being modified, of course, 
by various collapse procedures. Breuer says that there is a higher pro- 
portion of severe progressive tuberculosis among those with a psychic 
factor in the aetiology than in others not so hampered. As far as inform- 
ing the patients or relatives, much tact is indicated as to prognosis and 
much depends on the case at hand. The importance of the patient’s 
coéperation in determining the outcome should ever be stressed. 


PROPHYLAXIS AND TREATMENT 


The mental factor as regards prevention and treatment comes into 
play very early with the observance of good mental hygiene, including 
avoidance of mental as well as physical fatigue. In the making of the 
diagnosis and giving of the prognosis, much can be spared the patient 
in regard to future mental and emotional pitfalls, since the physician 
can establish the foundation of education and understanding of the 
disease and thereby allay, in some measure, the factor of fear and un- 
certainty by laying all the cards on the table, the exact extent of frank- 
ness employed depending on the individual patient. 
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A valuable start can be made in the understanding of the patient’s 
personality in the compilation of the history, by employing a psychiatric 
or humane approach, by attempting to establish some sort of a mental 
diagnosis. Among the factors which might be included are the adjust- 
ments to school, home, and play life, occupational and fraternal interests. 
An effort at determining a patient’s fundamental attitudes to his fellows 
and to life in general may provide valuable clues as to psychological 
needs to be supplied during the period of sanatorium care. This should 
be done preferably by a physician. Some patients resent such pro- 
cedures as prying into their affairs, but most are quite eager to talk if a 
tactful approach be made. Much hope and optimism may be infused, 
at this time, and a constructive attitude encouraged. Blanche Peterson, 
in an intensive study of 52 patients, found that only 19 had anything 
approaching a constructive attitude toward the problem of their illness 
at the outset. 

A large proportion of patients in sanatoria require special attention 
because of personal difficulties, and emotional upsets. Many are mal- 
adjusted before coming to the sanatorium. In this regard, the imple- 
ments of mental hygiene must be used daily, that is, suggestion, per- 
suasion, reéducation and mental catharsis. Much advantage of the 
high suggestibility of tuberculous patients may be taken, particularly 
in relation to various phobias. Suggestion is part of the art of medicine. 
A pill plus a little suggestion is often better than a pill alone. The sana- 
torium regimen itself is an excellent suggestion. 

Optimism on the part of all caring for the patient provides another 
element of suggestion, but a mere planned cheerfulness, a Pollyanna 
attitude is not enough, the optimism must be wise with ample acknowl- 
edgment of the seriousness of the task and the avoidance of raising of 
false hopes. Even in hopeless patients, the physician can do much to 
relieve suffering by this means. 

The use of mental catharsis, that is, by therapeutic conversations 
allowing the patient to unburden himself, is a valuable weapon in reveal- 
ing hidden fears and weaknesses, and thus helping him to a further under- 
standing of himself. We may well take heed of such statements as 
“you don’t know what it means to be able to talk to someone who has 
time to listen.” 

Persuasion and exhortation are also useful. Lawrason Brown has 
said that a few minutes spent at the bedside of some fearful patient, 
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discussing the conquest of fear, may do more to help him than a phreni- 
cectomy. 

The attributes required by a physician in dealing with these patients 
have been referred to throughout the literature; but suffice it to say that 
he must be doctor, teacher, counsellor and friend all rolled into one. 
Charles Minor has eloquently said in regard to the réle of the physician 
“to awaken will power, to evoke strength of character is worth any man’s 
time; to see fear die out, to bring hope, to show the path to light from 
gloom and despair, to correct distorted ideas is one of the most beautiful 
tasks of a beautiful profession.”’ The treatment of this disease requires 
little knowledge of drugs, but much knowledge of personality and pro- 
longed education of the patient. 

Not too much can be said for the value of wisely directed occupational 
therapy as a builder of morals, of recreation for the release of the human 
spirit or for the comfort of religion. Every effort should be made to 
recognize the patient’s desire to be an individual, to foster his sense of 
personal achievement. 

The task of attending to the mental needs of patients provides a chal- 
lenge not only to the physician, but to his coworkers as well. The nurse 
has an unrivalled opportunity to inspire confidence and to combat mor- 
bid introspection. The vocational counsellor can indicate the type of 
training most suited to individual needs, the teacher may assist the 
patient in taking his place in society anew and in developing interests 
and attitudes calculated to fortify mental health. The social worker is 
indispensable in securing vocational placement and in effecting satisfac- 
tory home adjustment. A return to psychic turmoil frequently means a 
return to the sanatorium. 

Real progress has been made along the lines of mental health pro- 
grams; moreover, a beginning has been made in the exchange of physi- 
cians attached to mental hospitals and sanatoria for consulting work, 
with advantage to both types of institutions. In looking to the future, 
it is possible that sanatoria, in combining the functions of school and 
hospital, will become recognized as significant training centres for life 
itself. And, perhaps, the circumstance of becoming afflicted with tuber- 
culosis may prove to many to be a blessing in disguise, because treatment 
will involve a period of priceless life enrichment and character building. 
Such advance might have a profound effect on the whole field of medi- 


cine. 
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Truly, the treatment of tuberculosis is a task of mental recreation as 
well as of physical restoration. 


SUMMARY 


Our task in this paper has been, in general, one of review and reém- 
phasis. In particular, we have tried to show the réle of mental, ner- 
vous, and emotional phenomena in every phase of tuberculosis work, to 
recognize the essential union and interaction of mind and body and the 
need for using all the forces at our command to treat the whole individual 
as a human being who is making a profound personal response to life, 
as well as a patient with tuberculosis. We must use these forces, not 
only to cure the curable, but to help even the dying that they may win 
that last triumph over the universal Victor as they cross the bar. 
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BRONCHIAL ASTHMA AND PULMONARY TUBERCULOSIS! 


ERICH URBACH anp ARTHUR LOEW 


The relationship of bronchial asthma to pulmonary tuberculosis is 
still a disputed question. Investigators, who assume that there is an 
intimate relationship between the two diseases, are challenged by other 
experts who deny such a relationship or who attribute simultaneous 
occurrence of the two diseases to the fact that both asthma and tuber- 
culosis are relatively common. Finally, others believe that asthma and 
tuberculosis are mutually exclusive. 

On the basis of accurate clinical, roentgenological and immunobiological 
studies of a series of 452 asthmatics who were under our observation in 
Vienna, we summarize our findings as follows: 


CARDIOPATHIES 


Percentage 
of as 
on tubercu- 
loallergic 
basis 


Tuberculoallergic asthmaf ... 7 3.0 3 25.0 
Pathergic asthma on basis of a 
tuberculoallergic asthmaff . 8 4 2.5 25.0 


15 10 5.5 _ 25.0 


¢ Tuberculoallergic asthma means an asthma caused by hypersensitiveness to the tubercle 
bacillus. 


tt Pathergic asthma is the name proposed by us for that type of asthma which was 
originally due specifically to the tubercle bacillus but subsequently developed a nonspecific 
sensitivity. 

In other words, in 452 cases of asthma we could demonstrate pul- 
monary tuberculosis as the only cause or as a predisposing factor in the 
causation in only 25 cases (or 5.5 per cent). The diagnosis of tuber- 
culosis was based on history, clinical and roentgenological evidence, 
but special importance was attached to the results of the tuberculin 
tests. All these 25 patients presented a marked and prolonged local 
cutaneous reaction to OT. In addition to the marked local reactions, 
solutions of 1:10 million to 1:1,000 million excited asthmatic attacks 


1From the Jewish Hospital, Service of Dr. Erich Urbach, Philadelphia, Pennsylvania. 
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in 14 cases. These strong and prolonged reactions are not the well 
known response usually elicited in asthmatics by even relatively weak 
tuberculin injections (for example 1:100,000 to 1:1 million; so-called 
metaspecific reaction of Urbach (1)). 

Ten per cent of our cases had clinical evidence of apical involvement. 
It was bilateral in 20 patients and unilateral in 25. 

Roentgenological demonstration of apical pleural induration in 42 cases 
and basal adhesions in 15 cases confirmed our clinical findings. In 44 
cases we demonstrated a fibrous productive, apparently haematogenous 
infiltrative process, usually of the upper lobes, less frequently of the 
middle lobe or the perihilar region. This infiltrative process was not 
constantly present simultaneously with the apical pleural indurations. 

Only 3 patients presented tuberculous cavities. In 54 cases there 
was enlargement of the hilar lymph nodes or abnormal perihilar and peri- 
bronchial accentuation of the arborization of the lung. 

In summary it may be stated that symptoms of pulmonary tuberculosis 
were present in a maximum of 20 per cent of the cases. This incidence 
is not much higher than the morbidity rate of pulmonary tuberculosis 
in the general population of Vienna. In our series, therefore, tuberculosis 
played a relatively insignificant aetiological réle. 


Based on the above criteria there were only 25 cases (5.5 per cent) 
in our series with asthma. In about half of these cases the asthma was 


already pathergic, that is, there had been originally a specific tuberculo- 
allergic asthma, but in the course of time the bronchial mucosa had 
become hypersensitive to various nonspecific agents (pathergens). 

While pulmonary tuberculosis played a relatively minor réle in the 
causation or predisposition to asthma in our cases, the course of the 
asthma in them deviated somewhat from the ordinary behavior of 
asthma. Accordingly, with a little experience one could suspect the 
tuberculous origin in a given case from a careful analysis of the symp- 
toms and type of onset of the asthmatic attacks. 

These cases are distinguished by the fact that the patients were not 
entirely free from symptoms in the intervals between attacks. They 
complained of aches and sharp pains in the chest which were exacerbated 
on deep respiration. These symptoms were incited or aggravated by 
changes in position and especially by sudden lying down. Various bodily 
exertions caused pains in the sides or a feeling of oppression. In addi- 
tion, these patients often complained of cardiac symptoms including 
sternal pain and pressure, as well as spasm of precordial angina. 
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These “‘cardio-neurotic” symptoms are usual in certain forms of tuber- 
culosis in which pleural adhesions, especially those of the left mediastinal 
and basal pleurae exert traction on the pericardium. The combination 
of such cardiac symptoms with bronchial asthma renders plausible the 
assumption that these asthmatics are affected with the pleuropulmonary 
lesions already mentioned. In fact, in these patients we were able to 
demonstrate repeatedly, clinically and roentgenologically, the signs of 
bronchial lymph node disease with pleural involvement which Neumann 
(2) has seen in benign, haematogenous pulmonary tuberculosis. It must 
be mentioned, however, that the physical demonstration of such pleural 
changes may often be difficult, because they usually involve only small 
portions of the pleural surface and moreover are obscured by the gross 
noncharacteristic bronchitic rales of the asthmatic patient. This is 
especially true in regard to the changes in the mediastinal pleura. Here, 
the roentgenogram is also of little assistance unless gross lesions, such 
as displacement of the mediastinum or pleural calcifications, are visible. 
On the other hand, great significance is attached to pleural changes such 
as apical indurations, basal adhesions, etc. which are clearly demon- 
strable roentgenographically. These changes may affect not only the 
general pleural surface but the mediastinal pleura as well. 

The summaries of five of our cases are cited to illustrate the pertinent 
points discussed above. 


Case Reports 


Case 1: Maria B., a white woman, twenty-three years of age, had pneumonia 
at the age of eight and subsequent left pulmonary “apical catarrh.” At 
nineteen years of age she had costal pleurisy with indurations on the left 
side. Since this illness she suffered from dyspnoea which followed even slight 
exertion. Two years later her first asthmatic symptoms occurred. These 
were associated with occasional subfebrile temperatures. Since that time 
she suffered from sudden attacks of severe palpitation which were even severe 
when she was at rest so that she was totally incapacitated. Frequently these 
cardiac symptoms were followed by typical asthmatic attacks. Examination 
revealed a slender somewhat anaemic patient. Her lungs showed bilateral 
apical dulness of moderate degree. On the left there was paravertebral striate 
dulness from the third to the seventh dorsal vertebra. There was left basal 
veiling with limited respiratory excursions. Auscultation revealed, besides 
bilateral and occasional moist accessory rales, an inspiratory crepitation in 
the region of the left paravertebral dulness. The roentgenogram showed a 
delicate pleural veiling of the right apical field and the adjoining intraclavicular 
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region. The left phrenicocostal angle was obliterated and there was a dimin- 
ished excursion of the left diaphragm. On August 7, 1937, following a moder- 
ately rapid ascent of a steep staircase, she developed severe dyspnoea and 
marked palpitation with a pulse rate of 150. Auscultation revealed a pleuro- 
pericardial murmur over the sternal region. She recovered in half an hour 
and the suprasternal murmur had completely disappeared. On August 11, 
she sustained a violent local reaction (reddening and, swelling of the site of 
injection to 12:15 mm.) and simultaneous marked palpitation following the 
injection of 0.1 cc. of 1:1,000,000 solution of OT intracutaneously. On August 
14, following fractional injections of a total of 0.8 cc. adrenalin, she was better 
able to climb steep stairs, but objectively she still showed marked pallor, cyano- 
sis, abundant bronchitic rales and subfebrile temperatures. 


Thus we had a patient who had suffered some tuberculous attacks 
and in whom unequivocal involvement of the mediastinal pleura could 
be demonstrated clinically. A characteristic feature was the association 
of violent cardiac symptoms with dyspnoea and the fact that, even in 
the intervals between attacks, the lungs were not quite clear. The 
subfebrile temperatures, the violent local reaction to OT, and the slight 
therapeutic effect of the adrenalin are other interesting features of 
this case. 


Case 2: Heinrich H., a white man, forty-two years of age. The patient 
had apparently been well up to February, 1936. At that time he developed 
severe bronchial catarrh, associated with paroxysms of coughing. Subse- 
quently he frequently had acute dyspnoea, associated with attacks of coughing. 
Examination revealed a tall and slender patient with cyanosis of the lips and 
finger nails. His fingers were clubbed. His chest was flat and long. The 
lungs showed dulness over both apices, more pronounced on the left. There 
was paravertebral dulness on the left side between the third and eighth dorsal 
vertebrae. Auscultation revealed accentuated inspiration and prolonged ex- 
piration. There were bronchitic nonmetallic diffuse rales over both lungs. 
Roentgenological examination revealed numerous confluent shadows of soft 
tissue density in the left middle field, enlarged hila and displacement of the 
upper mediastinum to the left. There were bilateral apical pleural indura- 
tions. In April, 1937 he had slight respiratory disturbances at rest which 
increased to moderate dyspnoea when climbing a staircase. It was a striking 
feature that bronchitic rales could be heard only over the left lung. On 
April 24, the respiratory distress was preceded by palpitation and a sensation 
of oppression which could not be relieved by nitroglycerine. The administra- 
tion of 0.1 cc. of 1:1 billion OT produced within twenty-four hours a local hard 
infiltration of 12 x 12 mm. with an accompanying lymphangitis. At the 
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same time increased metallic rales could be heard over the left upper lobe and 
pleural friction sounds could be found in the third left intercostal space. On 
May 3 he had fever to 38°C., aching pains in the left half of the chest and a 
dull sensation of pressure on both sides of the spine. On May 24, fractional 
doses of a total of 0.4 cc. adrenalin relieved the asthmatic symptoms but violent 
palpitation and aching pain in the cardiac region followed. 


In this case there was tuberculous involvement of the left mediastinal 
pleura. Roentgenologically this diagnosis was confirmed by the dis- 
placement of the left upper mediastinum as well as by the apical pleural 
indurations. It was likewise characteristic that the asthmatic attacks 
were preceded by sharp aching pains in the left half of the chest and by 
cardiac symptoms. At the same time there were periodic subfebrile 
temperatures and a slight therapeutic adrenalin effect. 

For this reason it appears unquestionable that mechanical factors such 
as enlarged tracheobronchial lymph nodes, and in particular adhesive 
pleuritic processes, play some part in the release of asthmatic conditions 
in these cases. This is not meant to indicate that these asthmatic 
attacks depend entirely upon mechanically conditioned reflexes, as was 
intimated in the older literature before the conception of allergy became 
current. The following case history will illustrate this. 


Case 3: Margit K., a white woman, forty-one years of age, had suffered since 
the age of six from rhinitis, cough and bronchial catarrh. At fourteen years 
of age she had her first attack of asthma, since then similar attacks occurred 
each month. In the autumn of 1935 she developed aches and pain in the left 
side of her chest. In February, 1936 violent pain in the shoulder developed. 
This was associated with a temperature of 39°C. The patient also complained 
of a feeling of tension over her heart. Since then she was able to distinguish 
two types of dyspnoea: the first type was like that suffered in her earlier 
asthmatic attacks; the second type was characterized by the fact that the 
respiratory distress was preceded by violent pain in her left chest and shoulder, 
during which she felt as if something was “tearing her lung.” The physician 
in attendance diagnosed the condition as pleurisy. Evidently the patient 
had suffered tuberculous attacks with involvement of the pleura in the autumns 
of 1935 and 1936, since previous tuberculosis could be demonstrated clinically 
and, especially, roentgenologically by the presence of pleural indurations 
and basal pleural adhesions. The marked local reaction to OT was in agree- 
ment with this. Furthermore she made the interesting disclosure that the 
first form of asthma mentioned above was favorably influenced by bee venom 
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and similar remedies, but even adrenalin did not bring relief to the “aching 


asthma.” 


From this case report it is clear that the mechanical factor could not 
be interpreted as the cause of the asthma, because in all probability it 
must be assumed that the aching and the sharp pains, developing decades 
after the onset of the asthma, constituted manifestations of the later 
pleural changes. For this reason we believe it advantageous to separate 
this group of asthmatics, because they present a characteristic and well 
defined clinical picture and are also distinctive from a therapeutic stand- 
point. 

It can hardly be doubted that the pleural affections in the cases listed 
were due to a tuberculous infection. This would serve also to explain 
a further series of symptoms characteristic for this group of asthmatics. 
In the first place most of them show a constant subfebrile temperature. 
Furthermore, during the relatively asymptomatic period they appear ex- 
hausted and fatigued and show a tendency to sweating. An important 
evidence of ‘“‘tuberculous” aching is an accelerated blood sedimentation 
rate which is normal or even diminished in otherasthmatics. Another 
sign of the persistent activity of the process is the violent local reaction 
following the tuberculin test even in dilutions of 10 millions to 1 billion. 

It must be pointed out that the swelling of the tracheobronchial lymph 
nodes is not always necessarily of tuberculous origin; it may develop 
in other pulmonary diseases such as grippe and be responsible for re- 
leasing of bronchial asthma. 


Case 4: Robert F., a white man, fifty-two years of age, hitherto healthy, 
developed in February, 1936 persistent rhinitis and cough, following a cold. 
He took an aspirin tablet, after which he had his first asthmatic attack. In 
April, 1937 he again caught a cold. During the day he was well; but towards 
evening he would become feverish and cough for about an hour, after which 
an asthmatic attack regularly appeared. The roentgenographic examination 
made at that time during ambulatory treatment showed a shadow of medium 
density about the size of a silver dollar in the left hilum, interpreted as in- 
dicating a still active lymph node swelling. A few days after admission to 
our department these coughing spells associated with asthmatic attacks sub- 
sided and a roentgenogram taken at this time showed a significant diminution 
of the pathological areas as compared with the former roentgenological find- 
ings. When the irritative cough subsided the asthma also disappeared. Here, 
too, we considered that this lymph node swelling might constitute a factor 
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predisposing to asthma; but it should be emphasized that the preceding al- 
lergization of the individual (“aspirin-asthma”’) also played an important part 
in the development of asthma. 


From these case reports it is evident that mechanical conditions, such 
as the enlargement of tracheobronchial lymph nodes, mediastinal-pleural 
indurations, etc. may characteristically influence the picture of bron- 
chial asthma. 

In this connection we would also draw attention to an observation 
made almost exclusively in patients in whom we considered a diagnosis 
of tuberculoallergic asthma justifiable. This was the fact, also ex- 
perimentally demonstrable, that many patients suffered their asthmatic 
attacks only at night and could avoid them by sitting up in an arm chair 
throughout the night. Furthermore these patients suffered attacks of 
asthma during the day if they remained in bed during the day, that is, 
if they assumed the horizontal position. In all of these cases roent- 
genological examination revealed enlarged hilar lymph nodes and there 
was in all of them a marked cutaneous hypersensibility to tuberculin. It 
seems of importance to us to draw attention to the fact that there is a 
form of pulmonary tuberculosis which leads to specific allergization of 
the bronchial mucosa and subsequent asthmatization. It is well known 
that pulmonary tuberculosis is only an aetiological entity and that its 
various forms differ anatomically, clinically and especially immuno- 
biologically. 

In this connection it is interesting to note that apart from three cases 
which must be classified as advanced phthisis with cavitation, all other 
cases belong in the group of fibrous productive tuberculosis. Patients 
with advanced phthisis are nearly all tuberculoanergetic, that is, the 
skin is not capable of producing antibodies against the tubercle bacillus. 
The conclusion appears plausible that also other organ systems, such as 
the lungs, may be incapable of allergic reactive response as forming a 
basis for asthma. The mild haematogenous forms of tuberculosis are 
usually marked by hypersensitiveness to tuberculin, so that in them the 
conditions for development of allergic manifestations, provided requisite 
predisposing factors are added, are considerably more favorable. 

Whereas, therefore, in general only the highly allergized haematog- 
enous forms of tuberculosis lead to asthma, there appear from time to 
time cases in which asthma has been preceded by an ulcerofibrous tuber- 
culosis. We may, in agreement with Neumann (2), explain this by the 
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fact that this type of cavernous pulmonary tuberculosis develops on 
the basis of a dense fibrous tuberculosis and that, in contradistinction to 
the other phthises, it is characterized by its high tuberculin allergy. 
From this it appears that our belief that only those types of tuberculosis 
which show a high allergy will lead to asthma seems justified. The follow- 
ing case report seems illustrative in this connection. 


Case 5: Hans G., a white man, forty-two years of age, suffered an attack of 
haemoptysis fifteen years before admission. At the time “pulmonary apical 
catarrh” was diagnosed. The haemoptysis recurred four times in a period of 
three years. In June, 1937 he consulted the authors, following a recurrence 
of the haemoptysis. Examination of the lungs revealed, besides markedly 
diminished resonance at both apices, dulness at the left apex posteriorly above 
the sixth dorsal vertebra, at the right to the fourth dorsal vertebra with bron- 
chovesicular breathing on the left over the area of dulness. Over a certain 
region in the supraspinous fossa were metallic, medium vesicular rales. The 
subsequent roentgenological examination revealed numerous closely approxi- 
mated calcified foci in both upper lobes, the size of lentils, and in the left upper 
lobe there was a rarefaction the size of a bean. We had thus to deal with an 
old tuberculosis (so-called tuberculosis fibrosa densa) with the development 
of a fresh cavity in the left upper lobe. A violent local reaction followed in- 
jection of 0.1 cc. of 1:10 million OT dilution. While at rest at home he sus- 
tained his first asthmatic symptoms fourteen days after the haemoptysis. 
These were acute dyspnoea with a sensation of oppression in the chest. This 
asthmatic condition persisted for about a week with temporary relief, con- 
stantly obtained, by the administration of adrenalin. 


This case shows clearly that, in spite of marked tuberculin allergy, 
cavernous phthisis may develop from a relatively benign form of tuber- 
culosis and asthmatic symptoms may appear for the first time during 
this stage of endogenous reinfection from a tuberculous infection of at 
least fifteen years’ duration. 

Although one-fourth of all cases of tuberculoallergic asthma are as- 
sociated with cardiopathy no further mention is made here, since we 
(3) have devoted a special article to this subject. 

In the treatment of tuberculoallergic asthma, it is first necessary to 
determine whether one is dealing with a purely tuberculoallergic asthma 
or whether the latter has already become pathergic (as has occurred 
in about one-half of our cases). In the purely tuberculoasthmatic cases 
the authors recommend, as most beneficial, extremely cautious but 
prolonged intracutaneous tuberculin therapy. This is to begin with 
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0.1 cc. of one-billionth OT and then with increasing doses. All other 
measures otherwise employed to combat pulmonary tuberculosis should 
be employed. Special emphasis should be placed on the necessity for 
digitalis or strophantin-glucose therapy. If the asthma has already 
become pathergic, that is, nonspecifically hypersensitive, a course of 
tuberculin should be employed in addition to the usual treatment for 
pathergic asthma. 


SUMMARY 


1. There is a type of asthma, characterized by certain clinical, hitherto 
unappreciated mechanical factors, which develops on a tuberculous basis 
and may be diagnosed as tuberculoallergic asthma if there is at the same 
time an excessively marked reaction to tuberculin. 

2. The question as to the relationship between asthma and tuberculosis 
is thus answered, in that pulmonary tuberculosis is relatively rarely a 
cause of asthmatization. 

3. As a rule only those forms of tuberculosis which present a high 
allergy, such as the haematogenous fibro-productive processes, will lead 
to the development of a tuberculoallergic asthma. 

4. Treatment with tuberculin is especially effective in tuberculoallergic 
asthma but should also be used in the pathergic type. 
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PLEURAL EFFUSION IN PNEUMOTHORAX! 


R. TAK ENG? 


Pleural effusion complicating pneumothorax is one of the problems 
which still confronts tuberculosis workers. A brief review of the litera- 
ture reveals the vastness and seriousness of the problem and the keen 
interest directed towards it. In almost every month of the past year 
one or more articles have appeared in different medical journals concern- 
ing the various aspects of pleural effusion in pneumothorax. While 
we have not reviewed the literature in its entirety, from what we have 
read we feel that it may be of interest to report the findings in our 
patients. 

Table 1 presents the incidence of fluid as found by various workers. 
While the table is not all inclusive, the findings are within the average 
of most authors. In 394 consecutive pneumothorax cases at the Fort 
Qu’Appelle Sanatorium we found that 269, or 68.3 per cent, formed 
fluid which remained a week or more. Our findings were based upon 
fluoroscopic examinations at three to fourteen-day intervals. 

Regarding the time in which fluid formed following pneumothorax 
our findings agree closely with table 2. Of our cases, 50.5 per cent 
formed fluid within the first three months, 67.1 per cent in six months 
and 85.6 per cent in a year. 

We found the incidence of fluid greatest in far advanced cases, less 
in the moderately advanced, and least in the minimal, as shown in 
table 3. 

It is evident, then, that the proportion forming fluid in any group of 
pneumothorax cases will vary with the extent of the disease. Without 
going into the various theories and pathogenesis regarding the causes 
(Matson, Pinner, Coryllos, Weisman, Rosenblatt, Burrell, Penington, 
etc.) one can safely avoid a great number of effusion cases by establishing 
pneumothorax in early lesions. It is of interest to note that, of the 49 
deaths which occurred in the pneumothorax series under consideration, 


1From the Medical and Laboratory Departments of the Fort Qu’Appelle Sanatorium, 
Fort San, Saskatchewan, Canada. 
2 Formerly of the Wu Tuberculosis Clinic, Canton, China. 
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40 developed fluid, all of which had far advanced lesions with the ex- 
ception of 2 which had moderately advanced lesions. 

Incidence of empyemata: In 134 cases where aspiration was done, 85 
had clear fluid, 10 purulent, and 39, though clear at first, became puru- 
lent in subsequent aspirations, making a total of 49, or 36.5 per cent, 
empyemata. The reports of various authors (Hayes, Nalbant, Nicklas, 


TABLE 1 
Incidence of fluid 
375 | 253 67.5 
150 126 84.0 
TABLE 2 
Time of fluid occurrence 
AUTHOR WITHIN 3 MONTHS WITHIN 6 MONTHS WITHIN A YEAR 
per cent per cent per cent 
— 75.0 91.0 
TABLE 3 
Effusion cases according to classification of disease 
| PER CENT OF 
EXTENT OF DISEASE NO FLUID 
FLUID 
Moderately advanced............ 112 49 63 56.3 
249 54 195 78.0 


etc.) show that from.20 to 30 per cent of patients with pleural fluid 
developed empyemata. 

Incidence of bacilli found in fluid: One or more aspirations were done 
on each of 115 patients, and the fluid examined for tubercle bacilli by 
smear, culture or guinea pig inoculation. Ninety-two, or 80.0 per cent, 
were found to be positive. Pinner, e¢ al. found tubercle bacilli in 12 out 
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of 15 patients with effusions and believed all effusions usually contain 
bacilli. Hayes reported 10 positive fluid cases out of 23 examined, while 
Weisman recorded 10 positive findings in 25 cases. DeCecio and Potter 
found 34, or 54.0 per cent, of 63 cases contained tubercle bacilli in 
the effusion. 

It was our impression that all effusions would be found positive if 
intensive and subsequent search were made. In 59 patients (see table 
4) who were still under treatment in the Sanatorium, the fluid was ex- 
amined more intensively: 51, or 86.4 per cent, contained tubercle bacilli; 
only 8 were negative. Of the 8 effusions with negative findings 5 were 


aspirated only once with no subsequent occurrence; one was in a patient 
during the period of a reéxpansion in which fluid examination was done 
on three different occasions, one had haemorrhagic fluid following pneu- 
monolysis and one had a bronchopleural fistula which has since closed. 


TABLE 4 
Bacteriological studies of the fluid cases 


DISCHARGE CASES RESIDENT PATIENTS 


DEATHS 


NATURE OF FLUID POSITIVE 


Positive 


Negative 


Positive 


Negative 


14 
6 


13 
8 


14 
2 


23 
28 


8 
0 


20 


21 


16 


51 


8 


100.0 


56.7 


86.4 


Differential counts were done on 27 clear fluid cases: 21 had lympho- 
cytes varying from 60 to 98 per cent, while 6 had only 20 to 40 per 
cent. Three cases had 1 to 4 per cent eosinophils, one had 11.0 per 
cent and another had 20.0 per cent. Various authors (Burrell, Pinner, 
and Weisman) have reported the occasional presence of eosinophils in 
effusions and that no definite significance or aetiological important 
relationship had been established. The 5 cases in our group having 
eosinophils in the fluid did not give a history of allergy and differential 
blood counts on them failed to show an increase of eosinophils in the 
blood-stream. 

Treatment of empyemata with azochloramid 1:3300: We have found that 
most of our fluids cleared with patient waiting of weeks or even months. 
Aspiration was done only when indicated: when there were distressing 
symptoms with an excessive amount of fluid present; when there was pus, 
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or when it was desirable to replace with air. Good results were obtained 
in clear fluid cases, where pneumothorax was to be continued, by simple 
aspiration and air replacement as necessitated. 

In the treatment of empyema there have been numerous reports of 
the use of different chemicals with various results, and thoracoplasty as 
a final measure. Hayes injected 2 per cent formalin in glycerin follow- 
ing irrigation, but the pus persisted. He says, “After the use of this 
solution following the aspiration of pus, one will subsequently find the 
pus thinner, but in six cases I have never seen the pus disappear.” The 
use of 5 to 10 per cent gomenol injected into the pleural cavity following 
aspiration and irrigation of the pus has been successful in a high per- 
centage of cases as reported by various investigators (Leaver, Harda- 
way, Davies, Matson, etc.). Brock, e¢ al. used merthiolate solution in 
normal saline for irrigation following aspiration, leaving 20 to 100 cc. 
of the solution in the pleural cavity. Rudman and Ellison exposed 
suspensions of tubercle bacilli to metaphen in oil 1:3,000 and found them 
to be destroyed after five and twenty-four-hour contact with the chem- 
ical. They reported 4 cases in which they injected metaphen in oil 
1:5,000 into the chest cavity. Most authors agree thoracoplasty is 
the method of choice when the lung fails to reéxpand after a reasonable 
period, when the empyema is obstinate, or when the sputum remains 
positive (Hedblom, Burrell, Archibald, Coryllos, etc.). However, 
where adequate conservative treatment is given, the proportion requiring 
radical treatment is very small indeed. 

In the past we have tried to find a suitable chemical which, when 
injected into the empyema cavity, would cause a minimal reaction of 
pain and fever, yet dissolve the debris and perhaps destroy the tubercle 
bacilli. For the latter purpose laboratory investigation was carried out 
with Calot’s, azochloramid 1:3,300 and azochloramid in triacetin 1:500 
solutions. An opalescent suspension of tubercle bacilli was obtained 
from a forty-day culture. Five cc. of the suspension was mixed with 
10 cc. of each of the three chemicals in separate two-ounce sputum 
bottles. These were shaken thoroughly for five minutes to insure as 
much a homogeneous mixture as possible. Two Petragnani culture 
tubes were planted with 0.3 cc. from each bottle (after shaking for a 
few minutes) at one, five and twenty-four hour intervals. Saline 
control suspensions were also planted. The results are shown in table 5. 

All the control cultures showed growth on the eighth day. One of the 
culture tubes inoculated with the opalescent suspension of tubercle 
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bacilli exposed to azochloramid 1:3,300 solution for an hour had three 
small pinhead colonies by the eighth week. No growth occurred in 
any of the other culture tubes after three months and they were then 
discarded. 

Based upon the above laboratory findings it was thought feasible to 
aspirate and irrigate our empyemata with physiological saline solution 
until clear and inject 10 to 50 cc. of azochloramid 1:3,300 in one group 
of cases, and the same amount of azochloramid in triacetin 1:500 in 
another group. Aspirations were done at weekly intervals. Patients 
seemed to tolerate the former solution very well, having no reaction 
most of the time or a very mild degree of pain and fever for a few hours 
to one day following injection, whereas with the latter solution there was 
either a marked elevation of temperature or considerable pain. In the 
4 patients where the triacetin was used none tolerated more than 40 
cc. and none showed any improvement after six or more treatments. 


TABLE 5 
Cultures of tubercle bacilli after exposure to various chemicals 


SOLUTION 1 HOUR 5 HOURS 24 HOURS 


Physiological saline (control) Growth Growth Growth 

Azochloramid 1:3,300 3 colonies No growth No growth 
Azochloramid in triacetin No growth No growth No growth 
No growth No growth No growth 


Much more encouraging results were obtained following injection of 
azochloramid 1:3,300: the pus gradually became thinner, less in quantity 
and finally either disappeared entirely or was replaced by a small amount 
of clear straw colored fluid. Constitutionally there was marked im- 
provement, the toxic symptoms of empyema disappeared and there was 
gradual increase in appetite and gain in weight. In the past year 
21 empyema patients were aspirated at weekly intervals, irrigated with 
physiological saline until the return flow became clear and 50 to 60 cc. 
azochloramid 1:3,300 in physiological saline were left in the chest 
cavity. The results are summarized, as follows: 


TWENTY-ONE EMPYEMATA TREATED WITH AZOCHLORAMID 1:3,300 


(1) Cases in which fluid became clear and pneumothorax continued: 
Case No. 1 R. C.—was aspirated 9 times when fluid became clear. 
Case No. 2 B. H.—was aspirated twice when fluid became clear. 
Case No. 3 E. C.—pus disappeared following one aspiration. 
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(2) Empyema cavity became obliterated: 
Case No. 4 M. P.—pus turned to clear fluid after 6 aspirations, and em- 
pyema cavity obliterated after 6 more aspirations of clear fluid. 
Case No. 5 G. W.—pus became clear fluid after 4 aspirations, and em- 
pyema cavity obliterated following 2 more aspirations. 
Case No. 6 I. B.—pus became clear fluid after 10 aspirations and cavity 
obliterated. 


Pus became clear; waiting for reéxpansion of lung: 
Case No. 7 J. D.—pus became clear fluid after 8 aspirations. 
Case No. 8 K. D.—pus became clear fluid after 19 aspirations. 
Case No. 9 K. G.—pus became clear fluid after 5 aspirations. 
Case No. 10 J. H.—pus became clear fluid after 23 aspirations. 
Case No. 11 K. R.—pus became clear fluid after 17 aspirations. 
Case No. 12 B. R.—pus became clear fluid after 23 aspirations. 
Case No. 13 F. C.—pus became clear fluid after 7 aspirations. 
These cases are being aspirated every two weeks to a month to investigate 
the nature of the fluid. Each yields from 40 to 150 cc. clear fluid at a time. 


(4) Case No. 14 G. S.—pus became clear fluid following 18 aspirations, and 
disappeared two months later. Pulmonary cavity still open and sputum 
positive. Thoracoplasty will be done shortly. 


(5) Pus became clear; waiting for reéxamination; sputum still positive from 
contralateral lung: 
Case No. 15 A. L.—clear fluid after 19 aspirations. 

Case No. 16 M. H.—clear fluid after 2 aspirations. 


(6) Case No. 17 B. P.—pus disappeared after one aspiration. Sputum posi- 


tive from contralateral lung. 


(7) Case No. 18 E. P.—aspirated 21 times; 20 to 40 cc. thin purulent fluid 
obtained in the last four aspirations; empyema cavity practically closed; 
sputum negative. 


(8) Persistent empyema: 
Case No. 19 R. F.—aspirated 29 times; pus persists and lung not ex- 
panding, though sputum has been negative for over a year, and there 

have been no constitutional symptoms. 


g 
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(9) Treatment abandoned: 
Case No. 20 N. W.—haemorrhagic purulent effusion persisted after 8 
aspirations. 
Case No. 21 C. A.—haemorrhagic purulent effusion persisted after 11 
aspirations. Bronchopleural fistula developed. 
These two cases have positive sputa and are having thoracoplasty done. 


An analysis of the above list shows that, in 18 of the 21 empyema cases 
treated in the manner outlined, the pus disappeared completely, turned 
into small amounts of clear fluid, or the lung reéxpanded to obliterate 
the cavity. We feel confident from past experience that the 7 cases 
under heading 3 will reéxpand gradually, thus removing the surgical 
intervention of thoracoplasty. Only 3 cases failed to respond; 2 of 
these had haemorrhagic purulent effusions. While the number of cases 
is small, the results are most encouraging and gratifying. The im- 
provement in the general condition of the patients treated with azo- 
chloramid 1: 3,300 and their lack of toxic reaction to the drug recommend 
its use in the treatment of tuberculous empyemata. 


SUMMARY AND CONCLUSIONS 


1. In 394 consecutive pneumothoraces 269, or 68.3 per cent, devel- 
oped fluid which persisted a week or more. 

2. The time of appearance of effusions in relation to pneumothorax 
treatment, the frequency of effusions in relation to the extent of the 
pulmonary involvement, the frequency of empyemata and the finding 
of tubercle bacilli in effusions are discussed and presented in tabular 
form. 

3. Azochloramid and Calot’s solutions were observed for their in 
vivo bactericidal effect. 

4, The results of intrapleural administration of azochloramid in 
empyemata are presented. 


The author is gratefully indebted to Dr. R. G. Ferguson, Director of Medical Services 
of the Saskatchewan Anti-Tuberculosis League, and to Dr. T. W. Hamilton, Medical Super- 
intendent of the Fort Qu’Appelle Sanatorium, and to Miss Grace McKinnon, Laboratorian, 
for their assistance. 
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TUBERCULIN REACTIONS 
A Comparison of Reactions to Standard and Increased Initial Doses of Tuberculin 


L. R. JONES! 


This is a report of a small study, the purpose of which is to record the 
proportions and the degrees of severity of reactions with different 
strengths of tuberculin and to secure accurate data concerning the depths 
of the areas of swelling. A special apparatus was used to measure the 
thickness of the arm at the point of injection, before swelling occurred 
and again when it was at its height. 

It was planned to test 100 subjects with the customary first and second 
strength doses of tuberculin, and then to test another similar group, 
using a stronger solution of the same material for the first strength 
test, to ascertain how much increase there would be in the number of 
first test reactions and how much larger the areas of local reaction 
would be. 

Both groups were tested in order of their arrival at the Belcourt, 
North Dakota, Indian Hospital; they ranged, in age, from three months 
to ninety-nine years and included both sexes; there was no attempt at 
selection. Each of the first group was given 0.000,02 mg. of PPD as 
a first test, injected with the most exact technique into the outer layer 
of skin with a very fine, sharp chromium-steel needle; the accuracy of 
detail as to the location and depth, as well as to the amount of each 
injection, was given the most careful attention. To those who failed to 
react, the second strength dose, 0.005 mg., 250 times the strength of 
the first dose, was given with the same care, the opposite arm being used. 
Readings were made, as nearly as was possible, at the expiration of forty- 
eight hours. 

The second group was tested with the same technique, except that 
the first test dose was five times stronger than that used with the first 
group, namely, 0.000,1 mg. instead of 0.000,02 mg. Those who failed 
to react to this larger dose received the regular second strength dose of 
0.005 mg. on the second test. 

1 Office of Indian Affairs, United States Department of the Interior, in collaboration 
with the Henry Phipps Institute, Philadelphia, Pennsylvania. 
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In all of the tests, measurements of the areas of reaction were recorded 
in millimetres and of the thickness of the arm in centimetres. Each 
patient, whose size and condition would permit, was seated at a table 
with particular care that the body and the arm always were the same, 
and the proper relation, with the thumb and little finger touching the 
table to prevent rotation. The arm was laid across the permanent end- 
bar of a graduated caliper-ruler; a sliding cross-bar, adjustable on an 
upright bar, when brought into position lightly to touch the skin of the 
arm at the point of injection, made possible a measurement reading of a 
considerable degree of accuracy; variations, it is believed, will be 
equalized by an equal tendency to under and over-measurement. Table 
2 and the accompanying description explain the findings in detail. 

The two test groups will hereafter be designated as the 0.000,02 group 
and the 0.000,1 group, to identify the first group of 104 and the second 
group of 97. 

Table 1 gives the reactions by age groups for the 0.000,02 and the 
0.000,1 test groups, and shows the degrees of reaction for both the first 
and second test in each. 

It should be noted that 8 of the 104 subjects who failed to react to a 
dosage of 0.000,02 mg. of tuberculin, became positive when 0.005 mg. 
was administered later, while only 3 out of 97 subjects responded to a 
dosage of 0.005 mg. after having had an initial test with 0.000, mg. The 
average age of the 0.000,02 group was 23.2 years and of the 0.000,1 
group, 28 years. 

In the 0.000,02 group, 71 (68.3 per cent) reacted to the first test and 
8 (7.7 per cent) to the second test, a total of 76.0 percent. In the 0.000,1 
group, 75 (77.3 per cent) were positive to that increased dosage on the 
first test, and 3 (3.1 per cent) to thesecond test, a total of 80.4 per cent. 
It is repeated that a second test dosage of 0.005 mg. was used in both 
groups. 

Of 12 children in the 0 to 4 age group who had a first test of 0.000,02 
mg., 8 were positive, while only 1 out of 11 in the same age group reacted 
to 0.000,1 mg. That startling disclosure led to an investigation which 
resulted in our finding that 6 of the 8 positive children in the first men- 
tioned group either had tuberculosis or had recently been in open con- 
tact with severe sputum-positive cases at home. In 5 of the 6 subjects 
who reacted to the first test there were 2 who had tuberculous disease 
and 3 who were in contact with open cases; one of the 2 who were positive 
to the second strength test also had tuberculosis. The one reactor in 
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the 0.000,1 group was in intimate contact with her mother, who died a 
little later of tuberculosis. 

Thus, it will be seen that the 0 to 4 group was loaded with 7 inescapable 
positive results to the tests, and that 6 of them were obtained from the 
small group of 12 in the 0.000,02 test group. None of the 7 was over two 
years of age; the ages of those with definite disease were fifteen months, 
nine months (death occurred two weeks later) and two years; the ages 
of the 4 contact cases were five months, one year and in 3 cases, two years. 
One of the patients in the latter group was the lone reactor in the 0.000,1 
group. 

The primary purpose of this study was to determine the relative re- 
action rate in the two text groups on the first test. The second test with 
0.005 mg., which all subjects received, gave a total positive rate of 76.0 
per cent for the 0.000,02 group and 80.4 per cent for the 0.000,1 group, 
but the latter averaged 4.8 years older than the former. 

A difference is at once noted when a comparison is made of the pro- 
portion of reactions to first test dosages of 0.000,02 mg. and 0.000,1 mg. 
administered, respectively, to the two groups. In a previous paragraph 
it was seen that 71 (68.3 per cent) of 104 subjects reacted to 0.000,02 mg. 
of tuberculin, while 75 (77.3 per cent) of 97 persons were positive to a 
first test dosage of 0.000,1 mg. of tuberculin. A difference of 9.0 per 
centage points in the positive rates for the two groups on the first tests, 
compared with a difference of 4.4 points in the rates for the completed 
tests, is believed to be significant. Loading in the 0 to 4 group and age 
differences have been mentioned; other elemerits which may have af- 
fected the results will be discussed later. 

Comparison of measurements: In table 2 will be found data concerning 
surface measurements and depths of the local areas of reaction as they 
occurred in the two groups. The measurements were combined and 
averaged for each of the first and second tests for each age group. For 
example, in the first tabulation in the 0.000,02 group column, the figures 
for 6 children in the 0 to 4 age group are combined. In the first test the 
average of the surface measurements is 14 by 16.3 mm., and the average 
depth 2.5 mm.; 2 who. had the second test averaged 12.5 x 15 x 1 mm. 
The height, or depth, of the areas of swelling, in millimetres, was ob- 
tained by reckoning the difference in thickness of the arm at the time 
the test was given and again forty-eight hours later. 

Elements affecting the results: It has been mentioned that the 0 to 4 
first test group was “loaded” with certain reactors and that the 0.000,02 
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group would thereby suffer a rise in its total positive rate. It was noted 
also that the 0.000,1 group was, on the average, 4.8 years older, which 
fact would, no doubt, partially compensate for the disadvantage sus- 
tained by the first mentioned group. 

Twenty-nine of the reactors in the 0.000,02 group, 37 per cent of the 
total of 79, were under twenty years of age; 18 of 78 in the 0.000,1 group, 
23 per cent, were under twenty. Fourteen of the 29 were known to have 
tuberculosis or to have been in recent intense contact; 10 of the 18 were 
in a like situation. Table 3 gives, at a glance, the loading in each of the 
two groups resulting from diagnosed disease or from open contact. 


TABLE 3 
Distribution of reactors by diagnosed disease or contact and by age 


0,000,02 mc. GROUP 0.000,1 MG. GROUP 


AGE GROUP 
Non- Open Non- 

active | contact active 

disease disease 


Under 5 — 
5- 9 
10-14 3 
15-19 — 
20-24 
25-29 
30-39 
40-49 1 1 
50 and over 1 1 
All ages 5 5 


wrnee we w 


There were, also, 8 cases in which the X-ray films showed healed 
adult type pulmonary lesions and others with healed primary lesions, 
but none of these has been given consideration here. 

Of the 104 subjects in the 0.000,02 group, 51 were in the 0 to 19 age 
period. Of these 51, 21 (41.2 per cent) were positive to 0.000,02 mg. 
of tuberculin, but no less than 14, or 66.7 per cent of the 21 reactors, 
(3 active, 3 nonactive and 8 contacts), were certain positives; of 97 in 
the 0.000,1 group, 32 were in the same age period and 17 (53.1 per cent) 
were positive to a dose of 0.000,1 mg. Of the 17 reactors, 10 (58.8 per 
cent—4 active, 1 nonactive and 5 contacts) were sure to react. There- 
fore, while the number of inescapable reactors in the first test con- 
tingent of the 0.000,02 group was 7.9 percentage points greater than in 
the 0.000,1 group, the former had a positive rate 11.9 points lower. 
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Above the ages of nineteen years there is no apparent difference in 
the entrance status of the two groups; the 0.000,02 group had 50 who 
were positive, with 11 who had the disease or who were in close contact, 
and the 0.000,1 group had 58 reactors with a similar starting load of 10. 

Altogether, the 0.000,02 group, as shown by the table presented above, 
has a handicap of 25 per cent in the matter of known disease or known 
open contacts, while the 0.000,1 group suffers a lesser disadvantage in 
their having a higher age average of 4.8 years. 

All of the subjects included in this study were patients in the general 
hospital or in the dispensary. Therefore the group is not represented 
to be a true cross-section of the reservation population. Special search 
was always made for tuberculosis among patients after admission. 


SUMMARY 


1. In a group of Indians the percentage of reactions to a first test of 
0.000,1 mg. of tuberculin was 9.0 points higher than with 0.000,02 mg. 
There is some reason to believe that the difference would have been more 
pronounced if the two groups could have been equalized as to the num- 
bers of tuberculous cases included and the larger number of contacts 
in the 0.000,02 group. 

2. Use of the larger first test dosage reduced the number requiring the 
second test of 0.005 mg. from 31.7 to 22.7 per cent. 

3. The areas of reaction to the 0.000,1 mg. first test averaged 27 per 
cent broader, 20 per cent longer and 53 per cent deeper than with the 
first test of 0.000,02 mg. 


TUBERCULOSIS ON A SMALL THICKLY POPULATED 
INDIAN RESERVATION 


L. R. JONES! 


The Turtle Mountain Indian Reservation, in North Dakota, includes 
two townships and covers seventy-two square miles. With a population 
of 3,200, there are 44 to the square mile. The people are nearly all 
mixed-blood Indians, the degree of Indian race blood varying from one- 
half to a trace; comparatively few are full-blood Indians. Outside, but 
near the reservation there are some scattered Indian families, and a few 
miles to the northwest there is a settlement of about 500, in which 
there is a larger proportion of full-blood Indians. It is believed that the 
number of people who live on the reservation, but who do not avail 
themselves of the medical facilities at the agency, is about equal to the 
number living outside of the reservation limits who do take advantage 
of the medical service furnished. It will be fair to base the deductions 
herein on a total population of 3,200. The racial admixture is Chippewa 
and French, and nearly all of the Indians speak and understand French. 

A tuberculin testing program was set up covering about 1,000 school 
children and 500 patients in the local hospital. Purified Protein Deriva- 
tive tuberculin was used and no selection of subjects was made; every- 
body accessible was tested. 

X-ray films were made only in cases in which a lead had been furnished 
by a present case in the family or a positive family history. From this 
it will be seen that the data concerning X-ray examination and diagnoses 
do not represent an average cross-section; it was not intended that they 
should, however, as the original purpose was simply to find as many cases 
of tuberculosis as possible. The “negative families” were purposely 
omitted to save time and material, but those families in which the 
members were all, or nearly all, positive to tuberculin—the “positive 
families” —were followed very carefully, and X-ray pictures were made 
on as many of them as possible. The object has been to discover and 
label every case of tuberculosis that it was possible to find. 

1 Office of Indian Affairs, United States Department of the Interior, in collaboration 
with the Henry Phipps Institute, Philadelphia, Pennsylvania: 
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The tables and descriptions are offered as evidence that continuous, 
routine, intensive case-hunting will be highly effective in tuberculosis 
case-finding. 

Through the interest of Dr. Maysil Williams, State Health Officer 
of Bismarck, Dr. James P. Widmeyer, County Health Officer of Rolette 
County, and his associate, Dr. Milton Greengard, who did the technical 
work, a survey of the school children of the county was arranged to 
coincide with the work in progress on the reservation in order that 
comparisons could properly be made. The County Board of Commis- 
sioners, and the County Board of Health at the county seat in Rolla lent 
their hearty codperation, and Mrs. Grace Schei, county nurse, who 


TABLE 1 
Results of tuberculin testing—Turtle Mountain Indian Reservation 


FEMALES 


Number nb Per cent Number | Number | Per cent 
negative positive negative | positive | positive 


All ages 332 520 61 
Under 5 69 19 22 
5- 9 144 61 30 
10-14 82 135 62 
15-19 ; 26 92 78 
20-24 59 94 
25-29 45 96 
30-34 34 92 
35-39 28 93 
40-44 - 18 100 
45-49 12 100 
50 and over 17 100 


had charge of the statistical details of the project, kindly permitted a 
tabulation of her records for use in this study. 

In table 1 the results of the tuberculin testing on the Indian reserva- 
tion are presented. Forty-two white people in close contact with the 
Indians are included in the group reported, their average age being 
twenty-seven years and their rate of reaction 66 per cent. 

The total number of males was 652, of whom 332, or 51 per cent, were 
positive; the number of females was 852, 520, or 61 per cent, of whom 
were positive; the combined total was 1,504, with 852, or 56.6 per cent, 
reacting positively. 

The diagnosis of tuberculous disease was made in 156 cases, as shown 
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MALES | 
Number 
tested 
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in table 2, with the aid of X-ray films in all cases, clinical symptoms of 
active episodes in 10i cases and with positive sputa in about 50 in- 
stances. In addition to these 156 positive cases, there were 11 cases 
of tuberculous disease of the bones or lymph nodes and 3 cases of tuber- 
culous peritonitis which are not included in the tables. Adding these, 
we have 170 cases of tuberculosis. Furthermore, 14 deaths have oc- 
curred in the field in which diagnoses of pulmonary tuberculosis were 
made from physical examinations and other bedside methods. Of these 
184 individuals who have been found to have tuberculosis, 3 have been 


TABLE 2 


Incidence of tuberculous disease (as revealed through the study of X-ray films of about 800 
persons)—Turtle Mountain Indian Reservation 


CASES OF TUBERCULOSIS, BY STAGE 


AGE GROUPS Adult type 


Moderately 
advanced 


Primary active 
Far advanced 


37 
26 


All ages 34 
Under 5 

5-9 
10-14 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 

50 and over 


| 


| 
| 


referred from other reservations, leaving a total of 181 cases of tuber- 
culosis in a population estimated at 3,200, or about 5.7 per cent. 

Tables 1 and 2 do not represent identical groups. Only 86 of the 184 
persons who had tuberculosis are reported in the table of tuberculin 
tests, and, on the other hand, facilities have not permitted X-raying, 
routinely, all of those who are shown to have reacted to tuberculin. 
In fact the 156 cases with positive X-ray findings, mentioned above, 
were taken from a group of about 800 X-rayed persons, only a portion 
of whom had been subjected to the tuberculin test. 

It will be noticed that there are 39 cases of tuberculosis listed above 
in the age groups from five years to nineteen years. Of these, 20 were 


| 
| 
) 
Minimal | 
9 
2 
e 
n 


200 L. R. JONES 


removed from school. Three others, who were twenty years of age 
or older, also were removed from school. Twenty-two have had some 
medical care, including 6 who had pneumothorax treatments. Some 
would not accept this treatment, or their parents would not permit them 
to remain in the hospitai. Four of the latter group have died during 
the period of this study, 8 are far advanced and one other is in a terminal 
condition. From 9 pupils removed from boarding school, one has died; 
from 14 removed from the local day schools, 2 have died. 

The table shows 47 persons in the group with far advanced tuber- 
culosis and 37 in the group with primary active tuberculosis. Ofjthe 
former, 14 have died and of the latter group, 12. These deaths have 
occurred during the period of this study. The age distribution of the 
14 who died of adult type tuberculosis is as follows: ten to fourteen, 1; 
fifteen to nineteen, 2; twenty to twenty-four, 5; twenty-five to twenty- 
nine, 2; and above thirty (thirty-one, forty, forty-six and eighty-four 
years, respectively), 4. The 12 who died from acute pneumonic exten- 
sions of primary tuberculosis, most of whom had meningitis as a terminal 
involvement, were of an average age of one and one-half years and in- 
cluded 3 under one, 4 between one and two, 3 between two and three 
and 2 between three and four years. In but one of these cases the 
open contact case was unknown. In.one instance two children were 
in the same family; in another, a son of three years died a month after 
his mother’s death from tuberculosis, and her grandson, who lived in an 
adjoining house, died a few months later. One girl of two years was 
diagnosed in May, 1937 and seemed to be recovering until she con- 
tracted whooping cough in February, 1938; she died late in April. 

It should be mentioned that the 37 cases designated as “primary ac- 
tive” include a number of children, especially the older ones, who have 
evidence of calcium deposits adjacent to the hila, but who also have posi- 
tive evidence of remaining, incompletely reabsorbed, exudative infil- 
trations of the lung. It is obvious that some of these have passed the 
primary stage and properly could have been classed with the adult type 
cases; however, it is difficult to draw a distinction when one has no in- 
formation other than the X-ray film and a record of a positive tuber- 
culin test. The 12 children who are reported to have died of primary 
tuberculosis also could have been included in the adult type group, 
but none of them had recovered fully from the initial lesion before the 
terminal stage of the disease began. 

To the 26 deaths discussed in the preceding paragraph we may add 
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the 14 deaths which occurred on the reservation, making a total of 40 
in a little more than two years in a population of 3,200, an average of 
17.8 per year. This, carried out, gives a death rate from tuberculosis 
of 556 per 100,000, or approximately ten times that for the registration 
area of the United States. Only 6 of these deaths occurred in families 
recognized as being of unmixed Indian race blood. 

Variations of the standard first dose of PPD were used. Usually 
0.000,02 mg. was employed in the first test, but some subjects were given 
0.000,1 mg. and others 0.000,2 mg. All, however, had 0.005 mg. when a 
second test was required. 

The tabulation of the data for the survey of the Rolette County, 
North Dakota, schools, submitted for comparison (table 3), includes 


TABLE 3 


Results of tuberculin testing—Schools of Rolette County, North Dakota—(white persons and 
Indians completing both tests) 


WHITE PERSONS 


Number | Number | Number | Per cent Number Per cent 
tested negative | positive | positive negative positive 


Allages / 1,430 1,207 16 85 40 
Under 5 62 61 2 22 
5- 9 487 7 33 
10-14 476 14 33 
15-19 234 19 60 
20-24 45 31 100 
25-29 44 32 100 

30 and over 82 61 75 


1,430 white persons and 142 mixed-blood Indians who had both tests 
completed. In the case of 61 white persons and 13 Indians, of whom 56 
and 11, respectively, were negative to the first test and 7 failed to 
return for reading of the test, the second test was not completed, and 
they are omitted from the tabulation. 

It is unnecessary to discuss this table in detail; it speaks for itself on 
comparison with the table for the reservation group. Except for the 
fact that table 3 is not divided as to sexes, it is entirely analogous to 
that for the reservation up to the age of twenty-nine years. Eleven 
per cent are adults; in the reservation study 22 per cent are adults. 
Doctor Greengard found only a few cases of tuberculosis in his series. 
Nearly all of the 223 white subjects and 57 Indians who reacted to tuber- 
culin had X-ray examinations. The films were interpreted by Dr. 
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G. Alfred Dodds, Superintendent of the North Dakota State Sanatorium 
at San Haven, North Dakota, who reported 6 cases of adult type tuber- 
culosis and 2 cases of active primary lesions, the activity having been 
determined by histories and clinical symptoms. 

It is obvious that there can be no comparison of the numbers of 
actual cases of tuberculosis brought out in these two surveys, because in 
the Rolette County group all of the subjects were healthy school chil- 
dren and their parents, while on the reservation every known positive 
family was watched for two years and, when possible, the individual 
members of such families, when visiting the dispensary or when housed 
in the hospital, were subjected to close investigation and X-ray exami- 
nation. Table 3 indicates clearly, however, a much greater incidence 
of tuberculous infection in the Indians than in white persons of the 
same region. 


TUBERCULIN TESTS AND ROENTGENOGRAMS! 
A Correlation on 1,000 Adults 


PAUL D. CRIMM, WILLIAM L. POTTS anp GWEN S. HUDSON 


One thousand adults (403 females and 597 males) of native stock, 
between the ages of sixteen and seventy years, were divided into two 
groups and given intracutaneous tuberculin (PPD) tests. Reactors and 
nonreactors alike were examined by X-ray. 


METHOD 


The first group of 553 individuals (group A, table 1) were given 0.000,02 
mg. of PPD intracutaneously; 429 of the 553 were negative to this dose 
at forty-eight hours and were then given 0.001 mg. of PPD. The second 
group of 447 individuals (group B, table 1) were tested simultaneously 
in one arm with 0.000,02 mg. of PPD and in the other with 0.001 mg. 
This latter dose of PPD is equivalent to one-fifth of the usual second dose, 
or fifty times greater than the first dose. All solutions were prepared 
twelve to eighteen hours prior to administration. All tests were per- 
formed and read by the same individuals. The X-ray films were 
interpreted by the same group according to generally accepted standards. 


RESULTS 


The incidence of contact cases was 13.6 per cent; 76.7 per cent of all 
the cases evidenced previous tuberculous infection, either by the tuber- 
culin test, the roentgenogram, or both. Two active cases (0.002 per cent) 
of tuberculosis were found in the entire series. Of the total cases 
having evidence of tuberculosis, 72.1 per cent (553) were found by the 
tuberculin test and 69.9 per cent (534) by the X-ray; 32.1 per cent of all 
cases had a positive tuberculin and roentgenological evidence of tubercu- 
losis; 23.2 per cent of all cases had a positive tuberculin test with nega- 
tive X-ray findings. These cases represent the nonpulmonary, or the 
“masked” type of lesion. Twenty-three and three-tenths per cent of 
all cases were negative according to both tuberculin and X-ray findings; 
21.4 per cent of the cases had a negative tuberculin and a positive X-ray 


1 From the Boehne Tuberculosis Hospital, Evansville, Indiana. 
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film; 79.8 per cent of the cases (426) with positive X-ray film had a pri- 
mary complex, while 20.2 per cent (108) had evidence of secondary in- 
fection. In this particular locality the ratio of secondary to primary 
infection is about 1 to 4 (chart 1). 

There were 553 cases tested with the first strength of PPD (0.000,02 
mg.) with 22.4 per cent positive; 38.2 per cent of the negatives were 
positive to the intermediate dose (0.001 mg.) of PPD; 51.9 per cent were 


TABLE 1 
Qualitative comparison of reactions in adults using consecutive (group A) and simultaneous 
(group B) doses of the usual first strength of PPD and an intermediate concentration (0.001 mg.) 
Group A—Consecutive Doses 


FIRST TEST 


27 
135 
68 
22 
13 
1 
266 


Group B—Simultaneous Doses 


42 
69 
37 
20 


1 
1 
0 
0 
0 
0 
2 
Bo 


Total 


Average 52 
34 years 


positive to the combined tests. In the second group of 447 cases, tested 
simultaneously with the first and intermediate dose of PPD, 28.4 per 
cent were positive to the first strength and 59.5 per cent were positive 
to the intermediate strength. When used simultaneously, the inter- 
mediate dose of PPD in adults was found to be 31.1 per cent more effec- 
tive than was the first strength. The number of four-plus reactors was 
relatively small (about 5 per cent). 


| SECOND TEST 
'STED AGE GROUP No 
| at | at | at | | | | a+ | 
Given 
32| 16-20 | 29| 3] 0 1} o| 1 0 3 
2200} 20-30 |177/ 29| 13| 1] 0 22} 18| 21 0| 43 
170| 30-40 |125| 26] 15| 4 | 5 | 3| 1| 45 
so| 40-50 | 64| 17/ 711 | 25! 3| 0| 25 
36| soso | 29! 6] 0 12} 4] 0| 7 
6| 60-70 1| o| o | o 1] 0] i 
553 | 429 s2| 3517/0 55/ 9] 1| 124 
64| 16-20 | 49! 12] 2 0 6| s! sl 3 
135 | 20-30 | 100| 28| 6 0 23| 19] 16| 8 
99| 3040 | 66| 31] 2 0 23| 25] 111 3 
74| 40-50 | so! 18| 6 0 is| 23| 12] 4 
si| sooo | 37| 13] 1 o | 9] 16] 6| 3 
24| 60-70 | 18| 6] O o| 1] 7] 2] 0 
447 320 | 108 | 17 0 | 181 | 94] 96] 55 | 21 
eth Groups 
| 9 | 0 124 


TUBERCULIN TESTS AND ROENTGENOGRAMS 


DISCUSSION 


Individuals in this experiment represent an average cross section of the 
population (114,000) of the City of Evansville, Indiana. The incidence 
of tuberculous infection, by either the tuberculin test, X-ray, or both, 
was found to be 76.7 per cent. If, however, the tuberculin test alone 
had been employed, the incidence of infection would have been 55.3 per 
cent, and if X-ray examination had been the only procedure used, the 


TOTAL NUMBER OF CASES 


TOTAL INCIDENCE OF INFECTION 


POSITIVE TO MANTOUX TEST 
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CONTACT CASES 
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incidence of infection would have been 53.5 per cent. The percentage of 
error in this series was practically the same. In a previous study (1) 
among children and teen age groups, it was found that the X-ray was 
more efficient than the tuberculin test, and since there was essentially no 
difference between the efficiency of the two procedures among adults, we 
believe the X-ray is preferable. It is agreed that the individual who 
has a positive tuberculin reaction should have an X-ray examination to 
determine the extent and character of the infection, if pulmonary. On 
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the other hand, the individual who has a negative tuberculin reaction 
would not ordinarily receive an X-ray examination following the test. 
Thus, according to this series, about 21.0 per cent of the individuals 
with pulmonary lesions would be overlooked. 

In this study, 108 of the 767 individuals, or 14.1 per cent, who had 
evidence of tuberculous infection, either by the tuberculin test or X-ray, 
had evidence of secondary infection. This figure may be slightly high, 
since all pleuritic and diaphragmatic lesions were considered evidence 
of tuberculosis and classified as secondary, even though they may have 
been caused by infection other than tuberculosis. Of the 108 who had 
evidence of secondary infection, 2, or 1.85 per cent, had active lesions of 
tuberculosis. Of the 1,000 individuals, 0.002 per cent were found to 
have active tuberculosis. One individual had just experienced a pul- 
monary haemorrhage, while the other was a contact case. 

In a previous report on anergy (2) it was observed that a certain 
number of adolescents in each group had lost their allergy to diagnostic 
doses of tuberculin. This finding is also noted in these older age groups. 
In the present study, 21.4 per cent were anergic in all age groups, the 
majority being between the ages of twenty and thirty. However, more 
individuals were tested in this age group (chart 2). 

Since only 2 active cases were found in the entire series, this experi- 
ment shows that mass examination by the tuberculin test and X-ray 
in the adult is quite expensive in this locality. With the 2 individuals 
who had active disease, one could have been found through adequate 
follow-up work because of the contact history. The other individual 
consulted a physician two weeks prior to the test and would ultimately 
have been admitted toa sanatorium. The authors, therefore, agree with 
Edwards (3) that this method of case-finding is too expensive for the 
money invested. Any large group should be reéxamined within six 
months to a year after the initial X-ray examination to determine the 
presence of active infection. However, if the same group could be 
educated that “early discovery means early recovery,” the end results 
would be more effective than the taking of mass X-ray films. 

As an educational project, however, either the tuberculin test, or 
fluoroscopic and X-ray examination, is valuable in special groups such 
as preschool children, high school freshmen, nurses, medical students, 
domestic help (especially colored), food handlers, young women in in- 
dustry, athletes and the like. However, if only the tuberculin test were 
used as the screen test in these groups, about 21.4 per cent would be 
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missed, according to this experiment. Since follow-up work on dis- 
charged patients from sanatoria, the recording of all patients and contacts 
with state boards of health, the isolation and quarantine of open cases by 
health officials, and earlier diagnosis on the part of the medical profession, 
together with education of the public, are necessary in a complete case- 
finding program, our efforts should be centered on these projects, rather 
than on mass X-ray examination and mass tuberculin testing. These 
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Cart 2. Age distribution of 214 anergic cases with positive X-ray findings 


projects are already in operation and their work could be easily expanded 
into effective case-finding projects which are less expensive. 


SUMMARY 


1. In 1,000 adults the incidence of infection was found to be 76.7 per 
cent by the combined use of the tuberculin test and X-ray examination. 
2. The percentage of error was found to be essentially the same. The 
percentage of cases with anergy was 21.4 per cent. The percentage of 
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cases having masked, or nonpulmonary lesions, was found to be 23.2 
per cent. 

3. An intermediate dose of PPD (one-fifth of the usual second dose) 
reduced the number of four-plus reactors to about 5 per cent. 

4. In this locality mass tuberculin testing, or mass X-ray examination, 
is too expensive as a case-finding project. Tuberculin testing of special 
groups is valuable as an educational program, even though its case- 
finding efficiency is limited. 

Acknowledgment: This survey was made possible by Mead Johnson Company, Southern 


Indiana Gas and Electric Company, Igleheart Brothers, Incorporated and the Vanderburgh 
County Tuberculosis Association. 
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TUBERCULIN TESTS! 
Qualitative Reactions with an Intermediate Strength of PPD in 1,000 Adults 


PAUL D. CRIMM, GWEN S. HUDSON anp PAUL A. BUNN 


In a previous study of 1,003 children (1) it was found that with the 
simultaneous use of the first and second strength of PPD, 22.4 per cent 
of the reactors were four-plus. Of the 22.4 per cent, 4.2 per cent were 
found with the first strength of PPD and 18.2 per cent with the second 
strength. All experienced severe local reactions with the second strength, 
while several had constitutional reactions. Therefore, it seemed advan- 
tageous to find a dose that would reduce the number of four-plus reactors 
and at the same time not interfere with its efficiency. 


OBSERVATIONS 


One thousand adults between the ages of sixteen and seventy were 
Mantoux tested with the first strength of PPD (0.000,02 mg. per 0.1 cc.) 
and an intermediate concentration, containing 0.001 mg. of PPD per 
0.1 cc. It was fifty times greater than the first dose, or one-fifth the 
usual second dose. The first dose was used as control and index of 
comparison. 

In the first group there were 553 tested with the first dose of PPD; 
the results are presented in table 1. The 429, or 77.5 per cent, who were 
negative to the first dose were given the intermediate dose of PPD with 
the results as shown in table 1. 

In the second group 447 individuals were tested simultaneously with 
the first strength of PPD and the intermediate dose. The results are 
shown in table 1 (group B). 


DISCUSSION 


It is significant to note that in the first group only one four-plus 
reactor was found. Of course, if both tests had been given simulta- 
neously, as in the second group, the number of four-plus reactors would 
have been increased. In the age groups beginning between forty and 
fifty, individuals seem to lose their allergy to tuberculin. In view of this 


1 From the Boehne Tuberculosis Hospital, Evansville, Indiana. 
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fact, the intermediate dose could be used as a single test dose in the fifty 
to seventy age groups with few four-plus reactions. In the adolescent 
group (1) with the second strength, there was 27.9 per cent of three-plus 
reactors and in this study with the intermediate strength, 15.0 per cent. 
In the same group (1) there was 18.2 per cent four-plus reactors and in 
this study 5 per cent, which represents a decrease of about 26.0 per cent 


TABLE 1 


Qualitative comparison of reactions in adults using consecutive (group A) and simultaneous 
(group B) doses of the usual first strength of PPD and an intermediate concentration (0.001 mg.) 


Group A—Consecutive Doses 


FIRST TEST SECOND TEST 


2+ 3+ 


5 
7 
0 
0 
5 


Group B—Simultaneous Doses 


1 42 6 
1 69 | 23 
0 37 23 
0 20; 15 
0 16 
0 11 
2 94 
Bo 


Average 
34 years 


in the severe reactions; however, they were performed in different age 
groups. 

In the previous report (1) the second dose of PPD discovered 23.0 per 
cent more reactors than the first dose. In this study, with the new 
strength (0.001 mg. per 0.1 cc.), 24.0 per cent more reactors were dis- 
covered than with the first strength. The anticipated decrease in three- 


NUMBER AGE GROUP ce No 
TESTED 
Neg- 
1+ 4+ 
Given 
32| 16-20 | 29! 3} 0| | o | 1! of 11 0 3 
20-30 177 | 29| 13 | 1 | o | 22] 18/ 2] 0| 43 
170| 30-40 | 125] 26) | 4 | 0 | 35] 18] 3] 1| 45 
so| 40-50 | 64| 17 1 | 0 | 25] 14 | 3| 0| 25 
36|/ so-6o | 29| 6 1 |o 13| 12) 4] 7 
6| 60-70 1 1! 1] 0] 1 
553 | 429| 82| 38 | 7 | 0 | 266| 98| 55| 9 | 424 
64 | 16-20 | 49| 12] 2 s| s| 3] 
135| 20-30 |100| 28] 6 19| 16 | 8 
99| 30-40 | 66| 31] 2 25| 11} 3 
40-50 | 18| 6 23| 12 | 4 
si| | 37| 13] 1 171 6| 3 
24| 60-70 | 18 | 6| 0 7\-21 0 
447 320 | 108 | 17 96 | 55 | 21 
Total 
9 | 0 64 | 124 
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and four-plus reactors in various age groups may be due, not only to the 
decreased dosage, but partially to desensitization to tuberculin in older 
age groups. In this area the diagnostic efficiency of the intermediate 
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GrapH 1. Qualitative reactions of PPD in 1,003 children using the standard two-test 
dose, and in 1,000 adults using the usual first strength of PPD and an intermediate dose 
(0.001 mg.). 


strength is not decreased, as evidenced by an increased percentage of 
reactors, even though there is a definite increase in the number of positive 
reactions. Canuteson (2) in Kansas found an intermediate dose (25X the 
first dose, or 0.000,5 mg. per 0.1 cc.) identified but 16.9 per cent of 
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positive reactors, while 40.1 per cent were found with the regular second 
test dose. The average age group was nineteen years. The authors’ 
proposed dosage does not show this deficiency with an average age group 
of thirty-four years. 

In a study of age groups six to nineteen years (1), with 23.7 per cent 
contacts, 32.5 per cent had positive Mantoux tests. In this study, 55.3 
per cent had a positive Mantoux, with only 13.6 per cent contacts. 
Graph 1, a summary of the Mantoux testing of 1,003 children and 1,000 
adults, shows 118 positive cases in the adolescent group with the first 
strength of PPD (0.000,02 mg. per 0.1 cc.), of which 62.8 per cent were 
one-plus reactors; 22.0 per cent two-plus; 11.0 per cent three-plus and 
4.2 per cent four-plus. In the second test (0.005 mg. per 0.1 cc.) there 
were 208 positive cases, of which 35.1 per cent were one-plus reactors; 
18.8 per cent two-plus; 27.9 per cent three-plus and 18.2 per cent four- 
plus. In this survey of adults, there were 251 positive cases with the first 
strength, of which 75.7 per cent gave a one-plus reaction; 20.7 per cent 
two-plus; 3.6 per cent three-plus and there were no four-plus reactors. 
With the second strength in the adults, 429 were positive, 44.7 per cent 
of which were one-plus reactors; 35.2 per cent two-plus; 15.0 per cent 
three-plus and 5.1 per cent four-plus. Hence, the elevation in the curve 


of three- and four-plus reactors in the second strength of PPD (0.005 
mg. per 0.1 cc.) given to adolescents disappears in the curve representing 
the new and less concentrated dose of PPD (0.001 mg. per 0.1 cc.) given 
to adults. 


SUMMARY 


1. In a series of 1,000 adults, 553 were tested with the first strength 
of PPD (0.000,02 mg. per 0.1 cc.), followed by an intermediate concentra- 
tion (0.001 mg. per0.icc.). There were no four-plus reactors to the first 
test and one four-plus reactor to the second. 

2. Four hundred and forty-seven were tested simultaneously with the 
aforesaid strengths of PPD. There were no four-plus reactors to the 
first strength and 21 four-plus reactors with the new second strength. 

3. After the age of fifty, few three- and four-plus reactors were found. 

4, The intermediate strength of PPD (0.001 mg. per 0.1 cc.) reduces 
the number of four-plus reactors to about 5.0 per cent, but maintains its 
diagnostic efficiency. 
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5. Further investigation is necessary before a single test dose of 
tuberculin can be recommended for any specific age group. 


Acknowledgment: This survey was made possible by Mead Johnson Company, Southern 
Indiana Gas and Electric Company, Igieheart Brothers, Incorporated and the Vanderburgh 
County Tuberculosis Association. 
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TUBERCULOSIS MORTALITY AND INDUSTRIALIZATION: 
With Special Reference to the United States 


Part I 
GEORG WOLFF 


TUBERCULOSIS MORTALITY IN AGRARIAN AND INDUSTRIAL STATES 
(Continued) 


2. Tuberculosis mortality and industrialization within the United States: 
At this stage of our investigation it will be of special interest to anticipate 
some of the results obtained from the latest data available within the 
United States with regard to industrialization in the single states. We 
can give only a short account here but shall come back to this in greater 
detail in a later investigation. 

In table 8 the death rates from tuberculosis per 100,000 of the esti- 
mated population in 1934-1935 are given according to the Vital Statistics— 
Special Reports (7) of the Census Bureau for the single states; further- 
more as index of industrialization the percentage of gainfully occupied 
persons ten years old and over in the divisions; extraction of minerals, 
manufacturing and mechanical industries plus transportation, communi- 
cation, and trade by the United States census of 1930 (8). Both these 
groups correspond about to the general divisions of international occu- 
pational statistics: industry and mining plus trade and communication 
(including hotel service) used in the preceding section as an index of 
industrialization.2 The proportion of the Negro population is further- 
more added in table 8 according to the official census statistics (9). 
The different percentages are of great importance in the tuberculosis 
mortality of the single states, and must be given attention in a correlation 
method, since separated mortality figures for the white and colored 
population are not available in all the single states. 

1 From the Department of Biology, School of Hygiene and Public Health, Johns Hopkins , 
University, Baltimore, Maryland. The author is very much indebted to Professor Raymond 
Pearl for the opportunity to work out this study on tuberculosis in the Department. 

*The United States occupational statistics will contain a separate group of “clerical 
occupation” which is not included in the index. Thus the percentages are mostly somewhat 
lower than the corresponding figures for the European states (compare later). 
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TABLE 8 


Tuberculosis mortality in 1934-1935, agricultural and industrial occupations, and Negro 
population in the United States from Census of 1930 


PERCENTAGE OF GAINFUL WORKERS FROM CENSUS 
oF 1930 


- PERCENTAGE 

STATES IN ORDER OF LOWEST Extraction 
DEATH RATE iculture Transpor- | 's together To 1930 
tation; com-| ‘(index of '| CENSUS 

M munication | ; 

industriali- 
and trade zation) 


6 


bo 


or 


wW 


6 
7 
1 
1 
2 
5 
1 
1 
1 
2 


Pennsylvania........... 
Rhode Island 
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1 
2 
1 
46 
2 
3 
2 
1 
3 
4 
4 
2 
3 
4 
46 
51 
29 
22 
13 
36 
40 
34 
39 
4 
2 
2 
2 


Pe 


> 


Wh 


dustries q 
24.4 a 
Wyoming..............| 21.8 34.2 
38.9 
North Dakota..........| 24.8 55.9 
36.3 
Kansas................| 28.3 33.0 a 
43.8 
New Hampshire........| 33.2 12.6 
19.7 ; 
South Dakota..........| 37.5 52.9 
Wisconsin..............| 38.2 26.3 
Connecticut............| 42.7 
Michigan..............| 45.5 
46.3 
46.6 
Massachusetts..........| 47.4 
48.4 
Washington............| 48.9 
Montana..............| 49.2 
BS 
ae 
New Jerscy............| Sid 
West Virginia..........| 56.0 
South Carolina.........| 57.7 
24.4 
58.2 43.2 20.4 13.7 34.1 
New York.............) 58.4 4.9 34.0 24.8 58.8 a 
Mississippi.............| 59.9 66.8 9.9 9.8 19.7 " 
North Carolina.........| 60.3 44.6 25.7 12.1 37.8 4 
Delaware.............-| 62.3 18.1 34.4 20.1 54.5 a 
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TABLE 8—Concluded 


PERCENTAGE OF GAINFUL WORKERS FROM CENSUS 
oF 1930 


PERCENTAGE 
xtraction OF NEGROES 
STATES Lowsst of minerals, | rryanspor- | Groups4-+| 
"| facturing |*stion, com-| | 
and mee industriali- 
chanical in- zation) 
dustries 


5 


~ 


19.2 
16.5 
18.1 
17.4 
25.5 
22.3 
22.1 
16.5 
23.8 
District of Columbia... . 21.0 
New Mexico 17.5 


an Aw Oe FOOD 


NS 


=) 


United States ‘ 30.9 20.4 


First we may calculate from the data given in table 8 the correlation 
between tuberculosis mortality and index of industrialization, omitting 
the states of California, Colorado, Nevada, New Mexico and Arizona 
which are known to be resort states for tuberculous persons from all 
over the country and therefore exhibit exaggerated death rates from 
tuberculosis, particularly those states with a small native population 
such as Nevada, New Mexico and Arizona. We must omit further- 
more the District of Columbia because it is not reasonable to compare 
with regard to industrialization a single big town with entire states 
(a glance at table 8 shows that the proportion of persons engaged in the 
agricultural occupations amounts to only 0.4 per cent in the District of 
Columbia). Doing so we obtain for the remaining forty-three states a 
value of r = —0.0255 + 0.1524, which means that there is no correlation 
at all. In order to meet objections we also computed the correlation 
coefficient for all the forty-nine states and got the value of r = 
—0.0056 + 0.1429, which also shows no correlation. But it seems 
fairer to leave out of account the states mentioned in further correla- 
tions, since the proper death rate of the residential population is not 
available. 
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38.3 
41.3 
38.0 
43.4 
52.6 
45.6 
56.0 
39.0 
54.1 
40.1 
38.8 
49.9 
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Now let us look at column 7 of table 8. We see here that the propor- 
tion of the Negro population in the single states varies enormously from 
0.1 per cent in some northern states to 50.2 per cent in Mississippi. 
Almost all the southern states have large percentages of Negro people, 
asis wellknown. On the other hand it is likewise known that the colored 
people exhibit a much higher tuberculosis mortality than the white 
population; therefore we must correct for these influences before drawing 
conclusions from a correlation between tuberculosis mortality of the 
total population and some economic index as, for instance, index of 
industrialization. As the separate death rates for the white and colored 
are not available we may correct for this defect by a partial correlation 
technique. Taking the proportion of Negroes in the single states as 
constant we may suppose that the influence of this factor at least has 
been sufficiently corrected in the correlation. 

It may be added that the different proportion of colored people is of 
much greater importance in discussing the death rate from tuberculosis 
than differing age distributions. Numerous former investigations have 
proved that age standardization is of comparatively little importance 
in tuberculosis, which demands its toll in almost every age group from 
early infancy up to the high age classes, with only a small discontinuity 
in school age. This behavior of tuberculosis is of course totally different 
from cancer where age standardization plays a most important part in 
the measurement of more exact death rates for different populations, 
races, social strata, occupations, etc. 

The results of the total and partial correlation between the three 
variables—tuberculosis mortality, index of industrialization, proportion 
of Negro population—are presented for forty-three single states in table 9. 

Considering the partial correlations we see a distinct change in the 
relation between tuberculosis mortality and industrialization. The 
zero-order correlation coefficient being insignificantly negative (r = 
—0.03), the partial correlation when the proportion of the Negro popula- 
tion is constant has become positive and rather significant (r = +0.41). 
This result corresponds to what we should expect from former investiga- 
tions (10), namely in a certain degree an average higher tuberculosis 
mortality in the industrial states of the United States. 

At the same time we obtain a higher zero-order correlation between 
tuberculosis mortality and Negro population (r = +0.59)-and between 
industrialization and Negro population (r = —0.52). These results, of 
course, are in full accord with the usual experience, showing that tuber- 
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culosis mortality increases distinctly with increasing proportion of Negro 
population, and that industrialization is on the average lower in states 
with relatively large Negro populations. The corresponding partial 
correlation values are still more significant (r = +0.68 and —0.63). 
The result of the partial correlation indicates that within the United 
States the more highly industrialized states exhibit somewhat more 
unfavorable mortality figures from tuberculosis than the agricultural 
states when the proportion of Negroes in the whole population is made 
constant. This conclusion is supported by another sort of evidence. 
The death rates from tuberculosis by states, separately for the white 
and colored population are given for a former period by Lumsden and 


TABLE 9 


Total and partial correlation between tuberculosis mortality in 1934-1935, industrialization, and 
Negro population of forty-three states of the United States in 1930 


Total correlation coefficients 
Tuberculosis mortality and industrialization = —0.0255 + 0.1524 
Tuberculosis mortality and Negro population fer = +0.5949 + 0.0985 
Industrialization and Negro population fy = —0.5200 + 0.1113 
Partial correlation coefficients 
Tuberculosis mortality and industrialization; Negro population 
constant ey.2 = +0.4133 + 0.1264 
Tuberculosis mortality and Negro population;.industrialization 
Ter.y = +0.6811 + 0.0818 
Industrialization and Negro population; tuberculosis mortality 
constant Tyz.2 = —0.6276 + 0.0924 


Subscripts: x = death rate from tuberculosis. 
y = index of industrialization. 
z = proportion of Negro population. 


Dauer (11), and that for the five-year period 1929-1933. (The figures 
for single states of this survey are given in the next section with reference 
to density of population.) If we now work out, on the basis of these 
figures, but for the white population only, a correlation coefficient 
between tuberculosis mortality and our index of industrialization we 
obtain the value of r = +0.4046 + 0.1274. That means, in other words, 
for this period of a five-year average, practically the same correlation 
value as we got before by the method of partial correlation in 1934-1935, 
zy. being equal to +0.4133 + 0.1264. This agreement may be taken 
as an indication"of the validity of both methods of approach. Also the 
agreement of the results obtained in different periods and by different 
methods gives confidence that the indicated conclusion is probably true. 
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However, let us now look at the single states in table 8. Then we see 
from the figures that the highest industrialized states, with an index of 
industrialization above 60 (United States as a whole = 51.3) like Rhode 
Island, Connecticut, Massachusetts, New Hampshire, or Pennsylvania 
and New Jersey, or Ohio and Michigan, do not have extremely high 
mortality figures from tuberculosis, the death rate being for all of them 
below the average of the United States as a whole (55.8). On the other 
hand, the states in the Mountain Region like Utah, Wyoming and Idaho, 
and in the Northwest Central Region like Nebraska, North Dakota, 
Iowa and Kansas exhibit very low death rates from tuberculosis; and 
these states, the Negro population of which is only small, are in a high 
degree rural, at least all of them are above the average percentage of the 
United States (21.9). So it happens in the first place that there is a 
certain positive correlation between tuberculosis mortality and indus- 
trialization within the United States similar to that within England 
and Wales or within Prussia. 

Another important point in this connection is that the southern states, 
most of which are prevailingly agricultural, show relatively high death 
rates from tuberculosis. But taking into account the high proportion 
of colored people, tuberculosis mortality there is not greater than in the 
northeastern industrial states, when the separate figures for the white 
and colored populations, respectively, are compared. However, the 
highest death rates are exhibited in some southern and intermediate 
states like Tennessee, Kentucky, Maryland and the District of Colum- 
bia for the white population, leaving out of account the “resort”’ states. 
There is another important feature in the southern states concerning 
tuberculosis in the Negro. It is quite evident from the separate figures 
that in these states where the Negro population reaches considerable 
numbers (up to 50 per cent of the whole) the tuberculosis mortality 
among the colored themselves is by far lower than in the north, east 
and west, and also in the Mountain states where tuberculosis among the 
whites is lowest. 

We will not go into further detail here. We shall come back to the 
Negro problem in relation to tuberculosis and the special conditions in 
the southern states in another section. We should like only to state 
here that a clearer insight into the whole tuberculosis problem might be 
got by separating the southern states from the others, and computing 
for both moieties the corresponding correlations. Cowles and Chap- 
man (12) pointed out in a special study that there is no simple linear 
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correlation between tuberculosis mortality of the white population and 
percentage of colored population over all the states. Therefore, they 
divided the states into two groups, and then they found a rather high 
negative correlation (—0.657) for nine southern states while in thirty- 
three northern, western, and border states also including the six inter- 
mediate states of Delaware, Kentucky, Maryland, Oklahoma, Tennessee 
and West Virginia, the correlation coefficient was almost in the same 
degree positive (+0.614). That would mean that only in these latter 
states the death rate from tuberculosis of the whites is in a high degree 
proportionate or positively correlated with the percentage of colored 
population. What the reason for this may be is not quite clear. It is 
not probable that the different proportion of the Negroes themselves, 
with their much higher tuberculosis death rate, gives a sufficient explana- 
tion as to the source of infection for the white population, for the propor- 
tion of Negroes in most of these states is small, especially in the northern, 
Mountain and Pacific states; not so small in the intermediate states above 
mentioned. 

On the other hand, in the nine southern states, Alabama, Arkansas, 
Florida, Georgia, Louisiana, Mississippi, North and South Carolina, and 
Virginia, correlated separately in the investigation by Cowles and Chap- 
man, the proportion of Negro population is very high, but the tuberculo- 
sis death rate of the white population is not affected in direct proportion 
to this amount. On the contrary, the correlation is significantly nega- 
tive, meaning that the death rate of the whites is on the average lower 
in the states with higher colored population. The figures suggest, there- 
fore, that direct contact between white and colored people as a source 
of infection cannot play the decisive réle. It seems more probable that 
the percentage of Negroes is only an intermediate link, in connection 
with other features of the tuberculosis problem, possibly in the north 
and east in connection with urbanization and industrialization, and in 
the south with opposed economic development, out-of-door life and 
climatic factors. 

We shall not dwell here any longer on the Negro tuberculosis, a problem 
that deserves a particular and careful study. We may only give, in 
closing, the results of our own computation, but prefer to divide the states 
into twenty-seven northern, eastern, and western states, and sixteen 
southern states in which the so-called intermediate states are included, 
according to the official statistics. The total and partial correlations 
for both groups are calculated, as was done above for all the forty-three 
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states together. The sixteen southern (and intermediate) states are 
according to the official geographic divisions, the South Atlantic (Dela- 
ware, Maryland, Virginia, West Virginia, North Carolina, South Caro- 
lina, Georgia, Florida); the East South Central (Kentucky, Tennessee, 
Alabama, Mississippi); and the West South Central (Arkansas, Loui- 
siana, Oklahoma, and Texas). The District of Columbia has been 
omitted as before. All the states have a considerable Negro population, 


TABLE 10 


Tuberculosis mortality in 1934-1935, agricultural and industrial occupations, and Negro 
population in sixteen southern (and intermediate) states according to Census of 1930 


PERCENTAGE OF GAINFUL WORKERS FROM CENSUS 
oF 1930 


DEATH RATE 


STATES IN ASCENDING ORDER 
OF DEATH RATE 


FROM TUBER- 
CULOSIS PER 


100,000 
1934-1935 


Agriculture, 


Extraction 
of minerals, 


Transpor- 
tation, com- 


Groups 4 + 
5 (index of 


PER CENT 
OF NEGROES 
CENSUS OF 
1930 


industriali- 


zation) 


munication 
chanical in-| trade 
dustries 


Nn 
a 
~ 


4 


21.9 
13.4 
42.7 
21.6 
24.1 
20.4 

9.9 
25.7 
21.2 
34.4 
19.1 
24.8 
19.9 
26.0 
33.9 
22.5 


i) 


West Virginia 
South Carolina 
Florida 


CEESSRS 


Mississippi 
North Carolina 


Kentucky 
Louisiana 


PON 
OW 


We WW Ww 
ons 


the proportion being only in West Virginia, Oklahoma and Kentucky 
below 10 per cent, in most of the others higher by far. These single 
percentage figures and the death rates are given in table 10. The cor- 
responding figures for the other states may be picked out from table 8. 

If we now work out again the total and partial correlations for twenty- 
seven northern, eastern and western states (group A) and for sixteen 
southern states (group B) we get the values shown in table 11. 
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These correlation results distinctly indicate the different behavior of 
the southern states from the others. There is again a positive correlation 
between tuberculosis mortality and industrialization in group A, but only 
an insignificant one in group B (southern states). Likewise there is a 
distinct positive correlation between tuberculosis mortality and propor- 
tion of Negroes in the former group, although the percentages of colored 
people are very small, no correlation at all in the latter, and a strong 
negative correlation between industrialization and Negro population in 


TABLE 11 
Total and partial correlation between tuberculosis mortality (x) in 1934-1935, industrialization 
(y) and Negro population (2) in 1930 for twenty-seven northern, eastern, and western 
states, and for sixteen southern states of the United States 


TOTAL 


A. Northern, Eastern and Western 
States (n = 27) 
Tuberculosis mortality and in- 
dustrialization............. =+.578+. = +.4294. 
Tuberculosis mortality and 
Negro population +.616+. fey = +.4904. 
Industrialization and Negro 


=+.448+. = +.0144. 


B. Southern States (n = 16) 
Tuberculosis mortality and 
industrialization =+.240+. Yey2 = +.2304. 
Tuberculosis mortality and 
Negro population = —.109+. Tory = +.009+. 
Industrialization and Negro 


Tys = — .702 + Ty2.2 = —.700 + 


Subscripts: x = death rate from tuberculosis. 
y = index of industrialization. 
z = proportion of Negro population. 


the southern states as we expect, yet again in contrast to the northern, 
eastern and western groups of states. 

In connection with our subject the most important feature is the rela- 
tion between tuberculosis mortality and industrialization, rather dis- 
tinct in group A, and not significant in the south. If we correlate fur- 
thermore, according to the former procedure, the tuberculosis mortality 
of the white population alone, from the figures given by Lumsden and 
Dauer for the quinquennium 1929-1933, with the index of industrializa- 
tion we obtain in the group of northern, eastern and western states a 
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still more distinctly positive value, 7 = 0.725 + 0.091, in the southern 
states again a nonsignificant value, r = 0.273 + 0.231, rather close to 
the above calculation. 

So we must state that within the United States the more industrialized 
districts, especially those in the northeast, exhibit an average higher 
mortality from tuberculosis than the states in the Mountain and the 
West North Central regions. This result corresponds to the findings 
within the highly industrialized countries of Europe, particularly Eng- 
land and Prussia. The results in the southern states are not so clear 
with regard to industrialization. There is no close correlation, and no 
correlation at all between tuberculosis mortality and proportion of the 
Negro population in the south. Only the negative correlation between 
Negroes and industrial development is here very distinct, and opposed 
to the conditions of the northeast. 

Nevertheless, the general trend of tuberculosis mortality in the United 
States as a whole when compared with other countries as political 
units all over the world has proved correct. The death rate from tuber- 
culosis in the whole country has enormously declined during the period 
of high industrialization, since the turn of the century, and is rather 
low for the time being as compared with more agrarian states like Japan 
in Asia or France and Hungary in Europe. That was shown in an earlier 
section. There is no doubt that the United States belongs to the group 
of highly industrialized states; the index was in England and Wales 77.6 
per cent of all occupied persons, in the United States 62.6, in Germany 
58.8, in France 51.6, in Italy 42.5, in Japan 39.9, in Hungary 33.9 if we 
take the index of industrialization from the figures according to the 
international occupational statistics* of our former table 6. 

Thus we may take from the demographic and epidemiological statistics 
the interesting finding that in general tuberculosis mortality tends to 
be lower in industrial countries as political units, or rather tends to 
decrease with developing industrialization. However, within the same 
countries and especially in the United States as a political unit, the more 


3 These figures do not agree perfectly with the divisions of the official occupational statistics 
of the United States which contain a particular group of “clerical occupations” and some 
other deviations in the professional service mostly added to the industry and trade group in 
the international statistics. Furthermore the latter refer to employed and nonemployed 
persons together at the time of the census; the United States occupational statistics only to 
the gainfully occupied persons. Therefore, the index of industrialization is higher in the 
international occupational statistics, but this general deviation has of course no great meaning 
in characterizing and grouping the various countries. 
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industrialized districts show average higher death rates from tuberculosis 
than the more agricultural parts. Accordingly, the present results con- 
firm the general experience that agricultural populations, still enjoying 
the advantages of being engaged in the open air, mostly exhibit lower 
tuberculosis death rates than the industrial occupations.* But this well 
known experience is only true when the general conditions of life, the 
administration of public health and education and modern technical and 
hygienic improvements are approximately equal and applied to the whole 
population of the country or state. 


DENSITY OF POPULATION AND TUBERCULOSIS MORTALITY 


1. World figures: Connected with industrial development and urbani- 
zation, density of population is another variable rather often discussed 
in relation to tuberculosis spread. A few figures may be given here, 
showing the population density in connection with the frequency of 
tuberculosis in some representative states of Europe, in the United States 
and in some other countries for which figures on tuberculosis mortality 
are available. Unfortunately, this is only a part of the entire world 
population (13). Vast countries such as Russia (European and Asiatic) 
with around 170 millions, the whole of China with between 400 and 500 
millions, British India with around 350 millions of inhabitants, do not 
publish any records of causes of deaths. Likewise, the greater part of 
Africa and South America fails to give exact statistics on causes of death. 
However, the most reliable statistics of European states and of the 
United States give us some valuable insight as table 12 shows. 

The opinion is often expressed that a certain relation exists between 
tuberculosis frequency and population density, in the supposition that 
crowding of population should increase the risk of infection. This is a 
popular opinion, and without question correct for almost all acute infec- 
tious diseases. It is not quite so simple in the case of tuberculosis, as a 
glance at table 12 will demonstrate. The tuberculosis infection, or more 
exactly the development from infection to an open disease, depends on 
many other factors perhaps more important than the tubercle bacillus 
itself. The tubercle bacillus is supposed to be ubiquitous in human and 
animal surroundings. That, on the other hand, would always involve the 
possibility of new infections if control begins to weaken (14). 

‘Tuberculosis mortality by special occupations will be dealt with elsewhere, for in con- 


nection with our subject, industrialization has only the meaning of a demographic index of the 
population as a whole. 
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TABLE 12 
Area, population, population density and tuberculosis mortality in thirty-two countries 
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COUNTRIES IN ORDER OF 
GREATEST POPULATION 
DENSITY 


AREA IN 


Sq. miles 


Sq. kms. 


POPULATION 


POPULATION 
DENSITY PER 


DEATH RATE 


Europe: 


England and Wales. 
Netherlands 


Czechoslovakia... . 
Switzerland 


Irish Free State... . 
Russia (Europe)... 


Other continents: 


Japan (proper)... . 
United States 


Whites only 
New Zealand 


1930 
1931 
1930 
1933 
1936 
1930 
1930 
1930 
1935 
1931 
1934 
1936 
1930 
1931 
1930 
1931 
1928 
1930 
1936 
1933t 
1934 
1930 
1930 
1930 


1935 
1930 
1936} 


1936 


1936 
1930 
1931 
1933 


11,775 
58,340 
12,692 
181,699 
119,714 
54,244 
15,944 
35,875 
16,575 
150,052 
32,369 
212,659 
35,490 
30, 405 
113,884 
95,558 
50,270 
196,607 
27,136 
1,838,016 
18,353 
173,347 
147,811 
124,588 


147,593 
3,026,789 
72,153 


472,550 
103,410 


285 , 133 
3,694, 863 


2,974,581 


30,444 
151,105 
34,181 
470,715 
310,177 
140,446 
41,295 
93,073 
42,931 
388,635 
83,868 
550,986 
91,766 
77,168 
294,967 
247,542 
130,199 
511,985 
70,283 
4,760,465 
47,549 
448,953 
388,217 
322,681 


382,545 
7,839,081 
186,926 


1,223,331 
268,232 


741 , 767 
9,569,326 


7, 703 ,867 


8,092,004 
39,952,377 
7,935,565 
66,029,000 
42,438, 104 
14,729,536 
4,066,400 
8,688,319 
3,705,559 
32,132,936 
6, 760,233 
41,905,968 
6,825,883 
4,842,980 
18,057,074 
13,934,038 
6,204,684 
23,907,145 
2,965,854 


128, 125,000 


1,126,413 
6,142,194 
3,667 ,067 
2,814, 194 


69,254,148 


122,775,046 


2,040,356 


9,530,649 
1,993,734 
1,573,810 
4,287,445 

10,376,786 
6,629,839 


t Including the Saar district (Census 1935). 
Tt 1932-1933. 

ttf 1931-1933. 
t Estimated population. 


r 


— 

—| mile | im. | 

Belgium. ......... 705 |265.8 95 

625 |232.2 87 
Germanyf........ 363 {140.3 89 q 
355 |136.8 | 127 
272 |104.9 189 

255 | 98.5 139 

242 | 93.4) 225 
Denmark......... 224 | 86.3 76 a 
Poland........... 214 | 82.7] ? 
209 | 80.6| 158 4 
197 | 74.8] 166 
192 | 74.4] 172tT 
163 | 62.8 95 
Roumania........ 159 | 61.2] 182ttt 
Yugoslavia........ 146 | 56.3 ? 
123 | 47.7 | 167 
122 | 46.7 | 140 
| 109 | 42.2 135 F 
Esthonia......... 61 | 23.7 | 232 
Sweden.......... 35 | 13.7] 131 
25 9.5 | 241 
Norway.......... 23 | 8.7] 155 
Uruguay......... 10.9 | 143 
Union of South | a 
20 7.8 ? 
15 | 5.9} 45 

15 | 5.8| 245 
Australia.........| | 2.2) 0.9 53 
| 
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In Europe the most densely populated countries are Belgium with 705, 
England and Wales with 685, the Netherlands with 625 inhabitants per 
square mile; they all are highly industrialized states and exhibit low 
rates of tuberculosis mortality. This may be the underlying reason for 
their favorable position as to tuberculosis in connection with density of 
population. For in general the industrialized countries are more densely 
populated than the agrarian states. But there is no general rule as to 
the relation between tuberculosis frequency and density of population. 
We may see from table 12 that, for instance, Denmark, with a popula- 
tion density of 224 inhabitants per square mile, or Scotland with only 
163 show rather favorable mortality figures. On the other hand, France, 
Portugal, Roumania, not so densely populated as England or Belgium, 
and likewise the Nordic countries of Esthonia, Finland, Sweden and 
Norway exhibit relatively high mortality rates from tuberculosis. Of 
course, such summary values for the whole of a country involve at any 
time a good many different factors. We only wish to express the opinion 
that the housing conditions in an average densely populated country 
need not necessarily be worse than in sparsely inhabited agrarian dis- 
tricts. It may be that in England and Holland the working classes live 
under better housing conditions than the bulk of the people in states 
like Portugal or Roumania or in the northern states of Europe where a 
harsh climate predominates for a long time of the year forcing the poorer 
people to stay in small overcrowded rooms. Generally speaking, we 
should say that bad or insufficient dwellings are only a part of bad social 
conditions, which may occur in dense industrial populations as well as 
in rural districts. Therefore, we must not exaggerate the meaning of 
this one factor and call tuberculosis a “house disease.”” This conclusion 
is only correct with the understanding that overcrowding is to be 
regarded as an index of general social conditions. But overcrowding in 
the sense of bad housing conditions is not necessarily associated with 
high density of population as characteristic in most industrialized states. 

If we calculate from the data for the twenty-one European countries 
in table 12 the correlation between tuberculosis mortality and density 
of population, we find a value of r = — 0.57 + 0.147, rather significant and 
close to the correlation coefficient between tuberculosis mortality and 
industrialization that amounts as shown earlier tor = —0.62 + 0.135. 
The negative correlation in European states would mean that the higher 
the population density or industrialization the lower the tuberculosis 
mortality is on the average. 


| | 
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But now let us look at the states outside of Europe. There are unfor- 
tunately only a few that give official records of the causes of deaths in the 
whole of the country; in North America, the United States and Canada; 
in South America, Chile and Uruguay; in Asia only Japan (Japan proper); 
in Africa, the Union of South Africa (only for the white population); in 
Australasia and Oceania, the Commonwealth of Australia and New Zea- 
land. Of these eight countries, Japan is by far the most densely popu- 
lated with 469 inhabitants per square mile. Its population density is 
below that of the Netherlands (625) and above that of Germany (365) 
or Italy (355). But as opposed to these countries and the still more 
densely populated countries in Europe, such as Belgium and Wales, 
tuberculosis mortality in Japan is high—as much as double that in 
England and Belgium. On the other hand, the United States as a whole 
is sparsely populated (41 inhabitants per square mile) as compared with “ 
Japan and the just mentioned European countries, and the average 
death rate from tuberculosis is very favorable. The same is the case 
in the vast English dominions in Africa, America and Australasia. They 
exhibit, in part, still more favorable figures in tuberculosis mortality. 
The white populations of these dominions are more or less highly indus- 
trialized, if we take as index the proportion of persons engaged in indus- 
trial and commercial pursuits, as illustrated in the preceding section; 
but the areas are in no way overpopulated. Besides these people of pre- 
dominantly English descent, there are in South America two countries, 
Uruguay and Chile, sparsely populated but exhibiting high tuberculosis 
death rates. Chile has a population density of only 15 inhabitants per 
square mile, the same as New Zealand, but her tuberculosis mortality 
amounts to 245 per 100,000 inhabitants in 1926-1930, while this rate 
was only 45 in New Zealand at the same time. There are perhaps no 
greater contrasts thinkable than these two countries as regards the 
prevalence of tuberculosis. In any case they make plain that population 
density per se has no great importance in tuberculosis epidemiology. 
Other factors must enter—modern civilization, in close connection with 
industrialization, social and hygienic development—to diminish the 
enormous death rate from tuberculosis in former times that in some 
countries still prevails at present. 

If we calculate the correlation coefficient for these eight countries alone, 
which publish the required statistical data, we obtain a value of 
r = +0.045 + 0.353 which means that there is no correlation at all 
between tuberculosis mortality and population density. Now adding 
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these countries from all over the world to the European states and com- 
puting a new correlation for all twenty-nine states together we obtain 
the value of r = —0.114 + 0.183. This negative value also is not 
significant as already the higher mean error indicates, and is rather 
different from the high correlation coefficient of —0.62 between indus- 
trialization and tuberculosis mortality all over the countries of the world 
as shown earlier. That is to say, the whole complex of industrialization 
is in no way bound to the simple demographic definition of population 
density. So we must remember that, for instance, New Zealand, Austra- 
lia and the United States are rather highly industrialized countries but 
comparatively sparsely populated, too. Industrialization involves in a 
high degree the standard of living as a social index, whereas density of 
population is a pure demographic and geographical concept. Of course, 
the finer demographic and occupational analysis of the single states which 
is prepared for a later section of this investigation will probably furnish 
better information than an arithmetical scheme. 


TABLE 13 
Correlation between population density and tuberculosis mortality, 1926-1930 


In 21 European states r = —0.5698 + 0.1474 
In 8 non-European states r = +0.0451 + 0.3528 
In 29 states of the world r = —0.1139 + 0.1833 


If we consider only the European states we might conclude with some 
right from the significant value of the coefficient of correlation that there 
is a certain relation between population density and tuberculosis mor- 
tality, in the sense that tuberculosis decreases with increasing density of 
population. That is contradictory to our expectation according to other 
experience, for instance on the prevalence of tuberculosis in different 
districts of the large cities. We know that the death rate from tuber- 
culosis is much higher in the densely populated parts of New York, 
London and Paris where the working classes live than in the more sparsely 
populated districts of the well-to-do classes. But this contradiction 
vanishes if we keep in mind that the densely populated states in Europe 
are mostly the highly industrialized countries and therefore the richer 
ones or those where the economical conditions for the bulk of the people 
have improved very much. So the significant negative correlation 
between density of population and tuberculosis mortality in European 
states means absolutely the same as the significant positive correlation 
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in different parts of large cities (Greenwood and Wolff (1)), namely the 
dependence of average tuberculosis death rate in a high degree on eco- 
nomic and environmental conditions. The densely populated districts 
of the large cities are mostly the dwelling places of the lower social classes; 
the densely populated industrial states in Europe are, as compared with 
the agrarian states, rather the richer ones. 

The density of population per se, without relation to socio-economic 
conditions, has accordingly no great meaning for the spread of tuber- 
culosis. This fact is based on the character of this chronic infectious 
disease which is not comparable to the spread of the acute epidemic 
diseases. It may be emphasized by the insignificance of the correla- 
tion, in the statistical sense, for the countries all over the world. An 
example especially striking is that of Chile and New Zealand, both coun- 
tries very sparsely populated (15 inhabitants per square mile), but Chile 
having a death rate from tuberculosis of 245 in 1926-1930, while New 
Zealand has the lowest death rate for the present time of all reporting 
countries, only 45 per 100,000 inhabitants. 

2. Density of population and tuberculosis mortality in the United States: 
In this connection it may again be of special interest to compare the 
corresponding relations for the single states within the United States. 
Therefore we computed the correlation coefficients between population 
density in the single states from the Census of 1930 and tuberculosis 
death rates in the five-year period 1929-1933 (annual average) (a) for the 
total population, (6) for the white population and (c) for the colored 
population. As the colored population, mostly Negro, varies in a high 
degree among the different states, on the other hand showing a much 
higher tuberculosis death-rate than the white, it is sounder in the statis- 
tical sense of dealing with homogeneous material to choose for correla- 
tion the death rate of the separate population by color, if available. 
This gives still simpler and clearer results than the partial correlations 
worked out for the death rate of the total population (compare the pre- 
ceding part on industrialization). 

The separate death rates by color for the different states, in the five- 
year period 1929-1933, could be obtained from an investigation already 
quoted of Lumsden and Dauer that was based on population figures 
estimated by the United States Census Bureau method and on mortality 
records of the respective State Health Departments (Public Health 
Bulletin No. 225, Washington, 1936). In the following calculations we 
omitted again the states of Arizona, Colorado, Nevada, New Mexico, 
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the high rates of which, especially among the white population, are 
artificially enlarged by persons who have developed tuberculosis else- 
where but seek cures in these states. The District of Columbia, the 
population density of which, as that of a single city, is not comparable 
with the other States, and the state of Texas which was not in the Regis- 
tration Area until 1933, are likewise omitted. 

However, in a recent Special Report (15) of the Census Bureau, a 
detailed tabulation has been given on the deaths from tuberculosis, in 
1935, according to place of residence as well as place of occurrence. From 
this report it is evident that the “nonresident” factor does not play such 
an important part as should be expected, at least for some of the “resort” 
states. Even in Arizona where the death rate from tuberculosis is 
extremely high, amounting in 1935 to 263.1 per 100,000 population by 
place of occurrence, the figure corrected by place of residence only 
dropped to 240.9. Also the residence-allocated rates for New Mexico 
and Colorado diminished by 21.3 and 13.4 points, respectively, whereas 
for Nevada the residence-allocated rate was by 8.9 points above the 
rate of place of occurrence. 

With regard to this point, namely the relatively negligible effect of 
residence-allocation for state totals, the Report remarks (p. 474): 


It should be noted in connection with the State comparisons that the present 
method of residence allocation may not give an entirely accurate picture of the 
real incidence of tuberculosis in certain States. It seems clear that the high 
death rates for tuberculosis in Arizona, New Mexico, Nevada, Colorado and 
California are at least partly due to the relatively large number of tuberculosis 
patients who have moved to these States from other areas and have lived there 
long enough to be counted as residents. It is true that persons who die from 
tuberculosis in hospitals or sanatoriums are allocated to their former places of 
residence, even if their stay in the hospital exceeds 1 year. But persons who 
died in rooming houses or in their own private homes are counted as residents 
of the State in which they die, if they have lived there 1 year or more, or, re- 
gardless of length of residence, if they have declared this State to be their 
permanent residence. 


So the unusually high death rates in the “resort” states cannot be 
fully corrected by residence-allocated rates. Therefore we better leave 
them out when interstate comparisons are to be made especially in rela- 
tion to some social or population indices, as it was also done by Cowles 
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and Chapman in their statistical research mentioned above. These 
states, of course, demand a special investigation. There may be some 
other reasons for the high death rates among the native residential 
population that are not yet sufficiently explored. Alluding to this pos- 
sibility the Report continues: 


The difficulty of securing satisfactory residence allocation of tuberculosis 
deaths explains in part the relatively high residence-allocated death rates of 
certain States, and certain cities and counties within other States, to which 
tuberculosis patients go in large numbers. However, another factor should 
not be overlooked. It is possible that the continual influx of tuberculous 
persons creates more points of infection which materially raise the incidence 
of tuberculosis and of tuberculosis deaths among the permanent residents of 
these areas. If this condition should be found to exist, more intensive public 
health measures in such areas would become imperative. 


With these restrictions the results are given in table 14. 

We may conclude from table 14 that the density of population in the 
single states varies to about the same degree as in European states. 
There are states in the north—Rhode Island, New Jersey and Massa- 
chusetts, with 644, 538, and 529 inhabitants, respectively, per square 
mile—almost as densely populated as Belgium, England and Wales, and 
the Netherlands in Europe. Of course, these are highly industrialized 
states. Connecticut with 333 inhabitants per square mile is in the range 
of Germany and Italy, while New York and Pennsylvania exhibit, with 
264 and 215 inhabitants per square mile, a more mixed type of agri- 
cultural and industrial state, the population density being very close to 
that of Czechoslovakia, Switzerland, Hungary, Denmark and Poland 
in Europe. On the other hand, the greater part of the United States, 
mostly in the agricultural south but also some states in the north (Wis- 
consin, Minnesota, New Hampshire, Vermont, Maine) and of course 
all the states in the mountain districts, are rather sparsely populated, 
in comparison with European countries. Special attention, in this con- 
nection, may be called to the fact that even Russia (European only) 
with a population density of 70 is more densely populated than most 
parts of the United States, the average density of which is 41, wide 
districts lying far under the average, especially in the southern, western 
and Mountain states. 

Computing now the coefficients of correlation between tuberculosis 
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TABLE 14 
Total population, population density and percentage of colored in 1930, and tuberculosis mortality 


in the five-year period 1929-1933 for the total, white and colored population 
in forty-three states of the United States 


STATES IN ORDER OF GREATEST 
POPULATION DENSITY 


POPULATION 
(CENSUS OF 
1930) 


POPULATION 
DENSITY PER 
SQ. MILE 


PERCENTAGE 

OF COLORED 

(NEGRO AND 
OTHER) 


DEATH RATE FROM TUBERCU- 
LOSIS PER 100,000{ PERSONS 


Total White | Colored 


2 


> 


5 7 


Rhode Island 
New Jersey 
Massachusetts 
Connecticut 
New York 
Pennsylvania 
Maryland 


Kentucky 
North Carolina 
Tennessee 
Virginia 

South Carolina 
Wisconsin 


Mississippi 
Vermont 
California 
Arkansas 


687,497 
4,041,334 
4,249,614 
1,606,903 

12, 588,066 
9,631,350 
1,631,526 
6,646,697 
7,630,654 

238,380 
3,238,503 
4,842,325 
1,729, 205 
2,614,589 
3,170,276 
2,616,556 
2,421,851 
1,738,765 
2,939,006 
3,629,367 
2,646, 248 

465,293 
2,908, 506 
2,101,593 
2,470,939 
2,009,821 

359,611 
5,677,251 
1,854,482 
2,396,040 
2,563,953 
1,468,211 

797,423 
1,563,396 
1,880,999 
1,377,963 


276.2 
246.3 
245.9 
249.7 
284.5 
244.0 
238.0 
284.4 
273.3 
194.4 
217.5 
302.7 
177.9 
192.5 
140.5 
220.7 
181.2 
119.0 
355.4 
262.7 
145.4 

63.6 
126.9 
135.4 
188.5 
117.3 
125.4 
254.3 
124.0 
158.3 
321.6 
143.7 
142.9 
342.3 
125.5 
244.4 
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+ The death rates are given in a paper by L. L. Lumsden and C. C. Dauer entitled Some 
Features of Tuberculosis Mortality Distribution in the United States, Public Health Bulletin 
No. 225. Washington, D. C., 1936. 
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644 57.9 
529 | 57.6 
333 53.2 
164 65.4 
121 
84 
72 
65 
65 
63 1 
57 
53 
New Hampshire........... 52 
50 
44 
36 70.7 
23 58.5 | 
23 34.5 | 30.2 
18 25.0 | 21.2 
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TABLE 14—Concluded 


PERCENTAGE| DEATH RATE FROM TUBERCU- 


STATES IN ORDER OF GREATEST yf tne meterg eed OF COLORED| LOSIS PER 100,000f PERSONS 
POPULATION DENSITY 1930) (NEGRO AND 


SQ. MILE 
Total White | Colored 


2 


953,786 
680,845 
692,849 
507,847 
445,032 
537 ,606 
225,565 


U. S. Registration Area 117,504,599 


1 For the four-year period 1930-1933. 


mortality and population density within the United States we obtain the 
following results: 


Correlation between population density in 1930 and tuberculosis mortality, by color, in the 
United States, 1929-1933 


Total population, 43 states r = +0.130 + 0.150 
White population, 43 states r = +0.530 + 0.110 
Colored population, 34 states r = +0.027 + 0.171 


We see at once that the only significant correlation is between popu- 
lation density and tuberculosis mortality in the white population, the 
positive value of 0.53 indicating that the average mortality is increasing 
with higher density. The data of table 14 indicate that the variation 
in the tuberculosis death rate of the white population is not very large 
at all. The most densely populated states are in the northeast, the 
industrial states of the New England and Middle Atlantic regions, but 
these do not have especially high death rates from tuberculosis. Ten- 
nessee with 83.6 and Kentucky with 82.3 deaths per 100,000 living have 
the highest tuberculosis mortality of the white population. These are 
both agricultural states with the relatively low population density of 
63 and 65 inhabitants per square mile. They are followed by California 
on the Pacific coast with a death rate of 70.7 and a population density 
of 36, Maryland with a death rate of 65.4 and a population density of 
164, and Vermont in New England with a death rate from tuberculosis 
of 61.6 per 100,000 inhabitants and 39 inhabitants per square mile. 
It is possible that the tuberculosis death rate in California is somewhat 
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10 1.8 | 41.9 | 40.4 | 265.5 
North Dakota............. 9.7 1.4 } 30.2 | 25.0 | 385.9 
South Dakota............. 9.0 3.4 46.44 | 26.8! | 617.0! ; 
6.2 2.3 | 24.4 | 22.3 | 114.3 
5.3 1.7. | 35.0 | 27.5 | 461.1 
3.7 3.8 | 60.2 | 44.7 | 456.1 
2.3 5.1 | 30.0 | 20.5 | 212.2 
EE 41.3 | 11.3 | 67.6 | 54.6 | 181.3 
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artificially exaggerated in the same way as the rates of Arizona, Colorado 
and New Mexico by cure-seekers. Yet the population of California, 
being rather large, almost 6 millions (Census of 1930: 5,677,251) it may 
be assumed without great error that the death rate from tuberculosis is 
not so essentially influenced as those of the smaller “resort” states. On 
the other hand, when California is omitted from the calculation, the 
coefficient of correlation does not change very much, as a special com- 
putation shows. 

However, the correlation between density of population and tubercu- 
losis death rate is positive and significant. This tendency in the forty- 
three states of the United States is opposite to the negative correlation 
in different countries of Europe. It is essentially caused by the fact 
that tuberculosis mortality in the whites is lowest in the Mountain and 
northwestern states, the population of which is very sparse. The lowest 
figures are in Wyoming with 20.5, Nebraska with 21.2, Utah with 22.3 
deaths from tuberculosis per 100,000 inhabitants, the corresponding 
population density being only 2.3, 18.0, and 6.2 inhabitants per square 
mile. North and South Dakota and Idaho, with population densities 
of 9.7, 9.0 and 5.3, respectively, also present low tuberculosis death rates 
among the white population, namely 25.0, 26.8 and 27.5. Some of the 
agricultural states of the south also (if. Tennessee and Kentucky, the 
death rates of which are particularly high and demand special considera- 
tion, are omitted) show relatively favorable tuberculosis mortality rates, 
as, for instance, South Carolina, Mississippi, Georgia and Florida (with 
rates below 40 per 100,000 white population) while some others, Virginia, 
West Virginia, Arkansas and Louisiana (with rates around 50 to 60) 
turn out to be scarcely more favorable than the northeastern industrial 
states. But on the average, we must state, according to the positive 
coefficient of correlation, a certain amount of higher tuberculosis mor- 
tality rates in the industrial and more densely populated states of the 
northeast. The finding is in pretty good accord with the earlier result 
showing a positive correlation between tuberculosis mortality and index 
of industrialization when the proportion of Negro population is kept 
constant. 

This statement is true so far as the white population is concerned and 
may indicate that in general within a country as a political unit the 
larger and less densely populated provinces of agriculture offer some 
advantages in regard to tuberculosis, as pointed out earlier in connection 
with industrialization. Agricultural occupations always show a some- 
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what lower tuberculosis death rate than industrial occupations when 
compared in the same social stratum; so the agricultural laborers exhibit 
in the Registrar-General’s occupational statistics of England and Wales 
a much more favorable mortality from tuberculosis than the industrial 
workers of the same economic class (5, 16). 

Now let us turn to the colored population in the United States. This 
picture is totally different, as to tuberculosis, quantitatively and quali- 
tatively. Looking at column 7 of table 14 we recognize at once, in almost 
every state, the enormous difference in tuberculosis mortality between 
the white and the colored populations. As some of the states have only 
a very small percentage of colored people (see column 4) and are also 
states with a small total population, for instance, Vermont, New Hamp- 
shire and Maine, it seems reasonable to leave out those states having a 
colored population of less than 20,000 in the Census of 1930. Hence we 
have, considering the five years of the period, a total at risk (person- 
years) of at least 100,000 in the remaining states, the tuberculosis death 
rate of which may not be influenced so much by chance fluctuations. 
The states left out in the computation of correlation are Maine, New 
Hampshire, Vermont, Rhode Island, North Dakota, Idaho, Wyoming, 
Utah and Oregon. For the remaining thirty-four states the coefficient 
of correlation between population density and tuberculosis mortality 
of the colored amounts to 0.027 + 0.171, which is no correlation at all. 

But let us, for better illustration, look at table 14 itself with regard 
to the single states. The average mortality among the colored people, 
unweighted as given by the correlation, in the thirty-four states, is 233 
per 100,000, the standard deviation being 128.8. This demonstrates a 
wide variation, while the average tuberculosis mortality among the whites 
(in forty-three states) amounts to only 47 per 100,000 with a standard 
deviation of 14.7. These few constants characterize sharply the whole 
situation. The mortality among the colored being several times that of 
the whites (in this calculation, however, not for exactly the same area) 
shows at the same time an enormous variation—from 63.6 per 100,000 in 
New Hampshire (this figure may be unreliable because of the very small 
number—not yet a thousand in 1930—of colored population) or from 
117 in Mississippi (having a colored population of more than 50 per cent 
of the total population) to 617 in South Dakota. That is followed by 
Idaho with 461, and Montana with 456 deaths from tuberculosis per 
100,000 inhabitants. (See the whole range in table 14.) 

These few figures for the single states have some points of special 
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interest. They indicate that tuberculosis among the colored people is 
entirely independent of population density. The figures are the highest 
in just those states where the population density is the lowest, in direct 
contrast to the death rate from tuberculosis of the white population. 
So it happens that in South Dakota the tuberculosis mortality of the 
colored with 617 is twenty-three times that of the white with 26.8, in 
Idaho with 461.1 it is almost eighteen-fold that of the white with 27.5. 
And in the industrial districts of the north, too, the tuberculosis mor- 
tality of colored people, mostly Negroes, reaches rather high values, as, 
for instance, in Michigan 302.7 against 46.4 for the white, in Minnesota 
321.6 against 42.5, or in Wisconsin 355.4 against 46.6. In New York 
State, too, the tuberculosis mortality of the colored is relatively high 
with 284.5 in comparison with that of the white of 60.3 or in Ohio with 
284.4 against 50.2. On the other hand, in the southern states where the 
bulk of the Negroes live the death rate from tuberculosis among the 
colored is comparatively low, as in North Carolina with 140.5 against 
45.4, in South Carolina with 119.0 against 32.1, in Alabama with 145.4 
against 45.8, in Georgia with 126.9 against 38.8, in Louisiana with 135.4 
against 49.0, or in Mississippi with 117.3 against 34.7 deaths per 100,000 
of the white population. 

Even in Kentucky and Tennessee where tuberculosis mortality among 
the whites reaches peaks of 82.3 and 83.6, the corresponding values in 
the colored population, 192.5 and 220.7, are not nearly so high as in 
some of the northern and eastern states as shown earlier. Due to the 
high death rate among the white population the ratio between tubercu- 
losis mortality of colored and white is remarkably low, being in Ken- 
tucky 2.3, in Tennessee 2.6, that is to say lower than in almost every 
other state of the north, east, west and south. We shall return to this 
important point, due to a high tuberculosis mortality among the white 
on the one hand, and a comparatively low one among the colored on 
the other, in later parts of this study. 

It seems probable that the lower tuberculosis mortality among the 
Negroes of the southern states is caused by climatic conditions and in 
connection with that, by general out-door life corresponding much more 
to the original life habits of the native Negroes than the urbanized con- 
ditions and struggle for life in the north. But in any case, we see from 
the correlation coefficients as well as from the analysis of the single states 
that there is no close correlation at all between tuberculosis mortality 
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among colored people and density of population. This result is quite 
clear if we look at the order of the figures (table 14, column 7), the coeffi- 
cient of correlation being practically zero (0.03). 

If there is a certain correlation in the white population of the United 
States (0.53) other features of the tuberculosis problem are involved, 
mostly connected with industrial development and rapid urbanization 
within the states. But on the other hand, it was quite evident from 
European data that there is as significant a negative correlation (—0.57) 
between population density and tuberculosis mortality. This opposite 
result is likewise supposed to be in close connection with industrializa- 
tion and tuberculosis mortality in Europe, the correlation of which is 
about in the same degree negative (—0.62) as shown earlier. So we may 
be entitled to conclude that it is not the density of population itself that 
determines the kind of correlation which is sometimes negative (European 
states), sometimes positive (white population in the United States), or 
not significant at all (states from all over the world; colored population 
in the United States), but some other features in causal connection with 
population density. 

This result on population density and tuberculosis mortality in dif- 
ferent countries of the world and in different parts and among different 
races in the same country corresponds to a certain degree to our earlier 
findings on the epidemiological spread of tuberculosis (17). The bacilli 
must be regarded as ubiquitous in the surroundings of human beings 
(see also Frost, (14)) and therefore also the slight infections in them; the 
population density can have only the meaning of a greater potential risk 
of infection due to crowding in rapidly urbanized and industrialized 
areas. But density of population need not always be identical with 
overcrowding, bad housing or undernutrition of the mass of the people. 
The organized workers in overpopulated England, Belgium and Holland 
may live on the average under better social and housing conditions than 
the agricultural laborers in Hungary, Russia and Finland. On the other 
hand, the white population in the industrialized and densely populated 
northeastern districts of the United States may not live under such 
healthful conditions as the farmer population of the wide southern and 
Mountain provinces. And the Negro population certainly lives in the 
south, out-of-doors, under much more natural conditions in accord with 
their original life habits than in the hard climate of the mountains or 
under the industrial occupations of the east. Still other factors may 
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enter that are not yet clear enough and deserve special consideration, 
such as race susceptibility and social handicaps, population factors such 
as differential fertility and internal migration. 

So it is perhaps more easily understandable that in the case of tuber- 
culosis spread the population density itself does not play such an impor- 
tant part as in the spread of the acute infectious diseases. This is demon- 
strated especially by the striking contrast in the correlation between the 
politically independent states of Europe and the political units of the 
United States, furthermore by the contrast between the colored and 
white population in the United States with regard to tuberculosis dis- 
tribution. Cowles and Chapman (12), correlating in their careful statis- 
tical study a series of different climatic and nonclimatic elements with 
the death rate from pulmonary tuberculosis in the white population of 
forty-two states, 1928-1930, could likewise not attach significant meaning 
to the degree of crowding as represented by population density per 
square mile. Of nineteen different elements examined they identified 
only six factors as being of major importance for the variation of the 
tuberculosis death rate as far as the white population in the different 
states of the United States is concerned. Of these six independently 
significant elements the nonclimatic factors play a larger part, in the 
first rank percentage of colored population (although in different direc- 
tion in thirty-three northern, western and border states in contrast to 
nine southern states), further educational factors, chiefly percentage of 
white population illiterate, and, to a minor extent, per capita expendi- 
tures in elementary and secondary schools. The authors conclude, 
besides, from their study that some climatic factors are of independent 
significance, “although less so than the nonclimatic.” Of the climatic 
elements, definite significance is attached to hours of sunshine while 
other climatic factors of possible importance are precipitation, daily 
temperature range and altitude. ‘The remarkably low tuberculosis 
death rate for the Rocky Mountain states seems to be mainly accounted 
for on the basis of uniquely favorable climatic conditions.” 

The results of Cowles and Chapman relate especially to tuberculosis 
among the white population in the different states. It is probable, too, 
that climatic conditions play a part in the variation of the death rate 
among Negroes; yet it appears to point more in the opposite direction. 
The colored population exhibits especially high tuberculosis rates in the 
Mountain regions in comparison with those of the southern states, as 
shown in the foregoing tables. Thus it would at least seem probable 
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that the climatic conditions in the south are more favorable to the colored 
people than in the Mountain states unless other factors enter and play a 
more important réle. One fact, however, is manifest also in the south, 
where the bulk of the Negro population lives, namely that—in accord 
with the general results of Cowles and Chapman—the degree of crowding 
as measured by population density per square mile has no significant 
meaning for the prevalence of tuberculosis. 


SUMMARY AND CONCLUSIONS 


1. War experience in tuberculosis spread: In spite of the remarkable 
decline of tuberculosis mortality since about half a century ago in almost 
all countries of Western civilization, this cause of death still plays an 
important part among the leading causes. That is first because tuber- 
culosis prevails among persons in the prime of life much more than do 
cancer, heart diseases, nephritis and even pneumonia, as demonstrated 
by statistics for the United States. Second, because tuberculosis as a 
chronic infectious disease can flare up at any time when environmental 
conditions become unfavorable for the. mass of the people. This has 
been experienced during the World War twenty years ago in almost all 
countries directly or indirectly implicated in the war distresses (demon- 
strated by statistics and graphs for four pairs of countries: England and 
Prussia, Belgium and the Netherlands, Austria and Italy, the United 
States and Japan). The experience resembles a mass experiment illus- 
trating the predominant importance of national well-being and especially 
nutrition among the numerous components of the environmental factor. 
This may serve as a warning for the future. 

2. Tuberculosis spread in agrarian and industrial states: Tuberculosis 
spread in agrarian and industrial states all over the world shows again 
in 1926-1930 a significant correlation (r = —0.62) as formerly shown for 
European states. That means that with increasing industrialization in 
the different states tuberculosis mortality is declining. Some popular 
dogmas are to be corrected by inference drawn from these demographic 
data. Industrialization means in general improvement in standards of 
living for the bulk of the people, in connection with compulsory school 
education and numerous hygienic measures of sanitation and preventive 
medicine. All this has indeed overcompensated the earlier injuries of 
factory labor in the beginning of industrial development. Tuberculosis 
mortality is, for instance, much lower in industrialized England than in 
agrarian Hungary, and likewise in the United States than in Japan. 
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However, within the same country as a political and cultural unit the 
inhabitants of which partake more equally by law of the general resources 
of modern civilization, tuberculosis mortality is for the most part lower 
in agricultural districts and in agricultural occupations than in the indus- 
trialized ones, in England as well as in the United States. This is demon- 
strated by new figures and correlations within the United States, sepa- 
rately for twenty-seven northern, eastern and western states and for 
sixteen southern states. 

3. Population density and tuberculosis mortality: The correlation 
worked out for twenty-one European states amounts tor = —0.57, rather 
close to the correlation between industrialization and tuberculosis mor- 
tality in these countries (r = —0.62). It would mean that with increas- 
ing population density in Europe tuberculosis mortality has declined on 
the average. On the other hand, in the United States there was almost as 
high a positive correlation in the white population (r = +0.53 for forty- 
three states) while in the colored population no significant correlation 
could be found. So we may be entitled to conclude that it is not the 
population density itself that determines the kind and degree of corre- 
lation but some other feature in causal connection with crowding and 
social environment. Also Cowles and Chapman, ir an intense study of 
the correlation between pulmonary tuberculosis and a series of climatic 
and nonclimatic elements, could not attach independent significance to 
the degree of crowding as represented by population density per square 
mile in the different states of the United States. This conclusion is 
still more emphasized by extending the demographic analysis and corre- 
lation to countries all over the world. An especially striking example is 
that of Chile and New Zealand. Both countries are sparsely populated 
(15 inhabitants per square mile), yet Chile has about the highest death 
rate from tuberculosis at the present time (245 per 100,000 inhabitants 
in 1926-1930) while New Zealand has the lowest (45 per 100,000). 

4. Practical inference: Population density or the degree of crowding 
can have only the meaning of a potential risk of infection, since a high 
density in urbanized and industrialized areas needs not be identical or 
closely correlated with: bad housing, undernourishment, lack of education 
or lack of hygiene. These are probably the most important direct envi- 
ronmental factors in the social etiology of tuberculosis (16); they are, 
in a wider sense, of a more socio-economic character. Other elements, 
especially population changes, enter. They are of a more socio-biological 
character, such as for instance the birth decrease, which took place since 


TUBERCULOSIS AND INDUSTRIALIZATION 241 


the turn of the century and probably plays an important indirect part 
in the decline of tuberculosis by diminishing the average size of the 
family (18). Another biological factor of this kind, beyond the reach of 
our conscious will and action, was probably involved in the sudden ap- 
pearance and disappearance of the influenza epidemic, towards the end of 
the World War in 1917-1919; the influenza epidemic immediately killed 
thousands of open tuberculosis cases before the normal time and thus 
radically stopped many sources of new infection. Further evidence of 
this factor will be given in a later section of this investigation on the 
social and geographical pathology of tuberculosis in the United States 
in which detailed demographic and epidemiological data for the single 
states will be dealt with. 

5. Conclusions with regard to the further campaign against tuberculosis: 
Since the tubercle bacillus as the infective agent of tuberculosis must be 
regarded as ubiquitous in human society, main attention has to be given 
to the concomitant factors of natural and social environment that deter- 
mine the individual course and the epidemiological spread of the disease. 
We cannot change essentially the natural environment, but we may try 
to escape for a while from a bad climate to another, distinguished by 
more hours of sunshine or less humidity. But this is scarcely possible for 
the mass of the people who have to stay where they find work. Hence, 
the further goal of the rational campaign against tuberculosis is still 
to improve our own social environment so that those infected by the 
tubercle bacillus will neither themselves become victims of the open 
disease, nor transmit the infective agents again and again to others in 
their surroundings. Diagnostic and therapeutic measures, therefore, 
always play the most important part in the campaign, especially the early 
finding and isolation of the open cases, their segregation from the rest 
of the family, which, of course, must be provided for by sufficient finan- 
cial support. “For,” we may quote from Frost’s (14) paper, mentioned 
earlier, “if we are to require the isolation of open tuberculosis as a matter 
of public protection, it becomes a public responsibility to bear not only 
the cost of medical care, but the whole cost to the patient’s family, or as 
large a share as may be required.” 

It is probably a fair statement to say that modern industrialization 
has already contributed rather much to this public responsibility and 
therefore to the improvement of our social environment, and it might be 
possible to eradicate tuberculosis entirely, unless new disturbances from 
war, hunger and pestilence bring civilization into danger and interrupt 
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the progressive development. At any rate, for the time being the level 
of tuberculosis mortality may be called an index of hygienic and social 
culture, according to which the United States ranks first among the 
world states, even when the still high tuberculosis mortality of the 
colored population is included. 
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FATALITY RATES FOR REPORTED CASES OF 
TUBERCULOSIS! 


G. E. HARMON? 


The calculation of a true case fatality rate presupposes that a group of 
cases of a given disease be followed until all have died or recovered. 
The percentage dying constitutes the case fatality rate for the group. 
In practice this approach is rarely possible except for private and hospital 
cases, and preferably for cases of a disease of relatively short duration. 

For public health purposes, case fatality rates for the various diseases 
of short duration are obtained by relating the recorded deaths for a 
given year for a certain disease to the reported cases for the same disease 
for the same year. The percentage that the deaths represent of the 
reported cases is considered to be the fatality rate. While such a fatality 
rate is perhaps satisfactory for practical purposes, it has its shortcomings, 
and these have been discussed by Green and Moorehouse (1). 

For a chronic disease, such as tuberculosis, which may last over a 
period of years before death or recovery takes place, the determination 
of a true case fatality rate presents additional difficulties, and it may 
well be that approximations are the best that can be obtained. 

The object of the present study is to see what approximations are 
available, of those available which one seems the best for practical 
purposes, and the factors that affect the approximations. Drolet (2) 
in a recent article used the ratio of deaths from tuberculosis during a 
year to the reported cases during the same year expressed as percentage 
as a case fatality rate. Are there any conditions under which this is 
equivalent theoretically to a true case fatality rate? 

Before taking up the theoretical aspects of the problem under discus- 
sion, it seems desirable to see just what actual data are available for use 
in calculating fatality rates. ‘Table 1 presents the information available 
regarding the number of tuberculosis cases and deaths for Detroit for 
the year 1937. In addition to this information, it has been possible 

1 Presented at a session of the Vital Statistics Section of the American Public Health 
Association at the sixty-eighth annual meeting in Pittsburgh, Pennsylvania, October 17, 1939. 

2 Department of Health, Detroit, Michigan. 
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TABLE 1 
Tuberculosis cases and deaths—Detroit 1937 


CLASSIFICATION SYMBOL 


Deaths—Reported as cases during 1937 Do : Do included in Xo 

Deaths—Reported as cases before Jan. 1, 1937... B 

Deaths—Total reported as cases To= Dot+B 

Deaths—Not known to have been reported as 
cases before death Co 

Deaths—Grand total for 1937 To + Co 

Cases—Reported before death Xo : Xo includes Do 

Cases—Grand total for 1937 Xo + Co 


TABLE 2 
Distribution of tuberculosis deaths according to year of report 


1937 1938 


Percentage* Percentage* 


*Distribution index. 


to determine in what year each of the deaths for the years 1937 and 
1938 respectively were reported as cases. The actual and percentage 
distributions are to be found in table 2. Throughout the rest of the 
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YEAR | 
Actual* 
1918 2 1 
1919 1 
1920 1 
1921 1 
1922 2 1.8 1 
1923 3 2.4 
1924 2 
1925 4 4 
1926 4 1 
1927 3 
1928 5 
1929 12 
1930 15 
1931 19 
1932 32 
1933 31 
1934 42 
1935 58 
1936 178 2 
1937 376 4 
1938 
785 100.0 639 
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paper these distributions will be referred to as distribution indices. If 
the distribution index for 1937 be compared with that for 1938, it is 
interesting to note that the corresponding percentages are of about the 
same order of magnitude. 

In mathematical terms a true case fatality rate may be defined as 
follows: 


Let Xo = number of cases of tuberculosis reported during any pivotal 
year (0) 

and Dy = deaths of Xo cases during the same year (0) 

and D, = deaths of X» cases during first year after year (0) 

and D. = deaths of X» cases during second year after year (0) 

and so on 


Then the true case fatality rate = 


(Do + Di + De + --- Da) X 100 2, Di X 100 


Xo 


This ratio could be evaluated theoretically by following a group of 
reported cases until all that are going to die of tuberculosis have died. 
This is impracticable because of the length of time that would be required 
and the difficulty of keeping track of people. 

Since the evaluation of a true case fatality rate as defined above is 
impracticable, it is in order to inquire what approximate case fatality 
rates are available. 


APPROXIMATE CASE FATALITY RATES 


Do X 100 


1. The ratio can be obtained and amounts to a rough case 


0 
fatality rate for one year of observation. This, however, is not satis- 
factory for a chronic disease, such as tuberculosis, although it does very 
well for an acute disease of short duration, like diphtheria. This ratio 
corresponds to the corrected fatality rate of Green and Moorehouse 
(1) for acute diseases. This ratio might be used as an index of the speed 
with which cases are reported, because as fewer and fewer cases are 
reported less than a year before death, Do approaches zero and therefore 
the ratio approaches zero. In other words, the smaller this ratio is, 


q 

4 

i=n 

i 

i 

q 


246 G. E. HARMON 


the fewer the number of cases that are reported less than a year before 
death. 
2. The ratio 
Xo 

obtaining this expression, 

Do = deaths of Xp cases during pivotal year (0) 

D_, = deaths recorded in year (0) of cases reported one year previous 
to (0) 

D_: = deaths recorded in year (0) of cases reported two years previous 
to (0) 

and so on 


resembles a case fatality rate. In 


i=n 


B= D-; 
Do + B = the total deaths for the pivotal year (0) exclusive of the 
deaths never reported as cases. 

It is important to note that in this ratio, B individuals are included in 
the numerator that are not included in the denominator. The Dp 
deaths of course are included in the Xp» cases as previously stated. 

It will be of interest to see, if possible, under what conditions this 
ratio is equivalent to a true case fatality rate. 


Let Po = percentage of deaths recorded during year (0) and reported 
as cases 
during same year (0) 
P_, = percentage of deaths recorded during year (0) but reported 
as cases 
one year previous 
P_, = percentage of deaths recorded during year (0) but reported 
as cases 
two years previous 
and so on 


Then | > P-i = 100 
i=—0 


The values for Po, P_1, P_2 --- P_. can be obtained as previously men- 
tioned, provided a good complete file of reported cases is available. 
Having obtained such a series of percentages or distribution index, it 
may be considered symmetrical with relation to the pivotal year. After 
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rotating the index through 180 degrees, the following relationships 
result. 


= P o= percentage of deaths recorded during year (0) and 
reported as cases during same year (0) 
P, = percentage of deaths recorded during first year after 
(0) but reported as cases during’ year (0) 
P, = percentage of deaths recorded during second year 
after (0) but reported as cases during year (0) 


again 


The new distribution index can be applied to estimated deaths for 
future years in somewhat the same fashion as specific death rates are 
applied to the survivors of successive age groups in constructing a life 
table. For example: 


Let To = Do + B = total deaths recorded for year (0) exclusive of 
the deaths never reported as cases 
T, = total deaths recorded during first year after year (0) ex- 
clusive of the deaths never reported as cases 
and so on. 


Now let the assumption be made that the deaths from tuberculosis be 
constant over a period of years, 


Then = Ti Te = 

But ToPo ToPe ToPa equals 
Do + Di + De + -:: Da 

Also ToPo + ToP-1 + ToP_2 + equals 
De + + Die + +++ Dae 

and Py = Po: P; = P_, and P2 = P_: and so on 


i=n i=n 
Therefore, D; equals > 
i=0 i=0 


From this it follows that 


> Di X 100 Do + >, D-: X 100 
i=] 


i=0 


"= _ (Do + B) X 100 _ To X 100 
Xo Xo Xo Xo 


{ 
| Po 4 
} 
P_. | 
i=n 
|| Pi = 100 
i=1 
i=n i=n 
q 
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In other words, if the deaths from tuberculosis over a period of years 
are constant and the distribution index is fairly constant, as has been 


To X 100 


assumed in this discussion, then the ratio is theoretically 


equivalent to the true fatality rate for the period considered. 


TABLE 3 
Calculation of fatality rates—deaths constant—eleven-year period 


DISTRIBUTION INDEX 


Numerical Percentage 


Actual Symbol Actual Symbol 


N bo 


0.6 
1.5 
1.9 
2.4 
4.1 
3.9 
5.4 
7.4 
2.7 
7.9 
2.7 
7.4 
5.4 
3.9 
4.1 
2.4 
1.9 
1.5 
0.6 
0.4 


To X 100 771 X 100 
Xo 2,455 

i= 10 

= 100 

i=0 771 X 100 


Xo 2.455 


31.4 


It follows from this conclusion that if the deaths are decreasing, then 
oo x is too large, and if increasing, too small as compared to the 
0 


true fatality rate. The upper portion of table 3 illustrates the method 


YEAR DEATHS SYMBOL 
1927 3 D-10 | 
1928 5 D-s 
1929 12 D-s 
1930 15 D-, P-, 
1931 19 | P-s 
1932 32 
1933 31 D-, | 
1934 42 D- P-, 
1935 58 D- | P-, 
1936 178 P-. 
1937 785 To 376 Do Po 
1938 785 Ti 178 . D; Py 
1939 785 Te 58 D2 Pe 
1940 785 Ts 42 D; P; 
1941 785 ‘ke 31 D, P, 
1942 785 Ts 32 Ds; Ps 
1943 785 Ts 19 Ds Ps 
1944 785 Tr 15 D, P, 
1945 785 Ts 12 Ds Ps 
1946 785 Tos 5 Dy 
1947+ 785 Tio 3 Dio | Pro 
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of obtaining the distribution index, and the lower portion illustrates the 
result after it has been rotated around 1937 as the pivotal year. It 
also sets forth the results obtained on the supposition that the deaths 
are considered to be constant. It must be understood that, within the 
eleven-year period selected, only 771 of the total deaths were reported. 


TABLE 4 
Calculation of fatality rates—deaths decreasing—eleven-year period 


NUMBER OF DEATHS FOR EACH INDICATED YEAR THAT WERE 
REPORTED IN 1937 


Numerical Percentage 


Estimated Index 


376 47.9 
155 
49 
34 
23 
23 
13 
10 
7 

3 

2 


i) 
dS 


NRW WS 
OP 


To X 100 771 
Xo 2,455 
i= 10 
z= xX 100 
i=0 695 


Xo 2,455 


28.3 


The remaining 14 deaths were reported as cases more than eleven years 
prior to the date of death. If the process be continued to n years, then 


To X 100 _ 785 X 100 


= 32.0 


i=—n 
Di X 100 785 


X ~ 


and 32.0 


Table 4 gives the results obtained for the eleven-year period of table 3 
on the supposition that the deaths are decreasing. The deaths for 1938- 
1947 inclusive were estimated by projecting a straight line fitted by least 


= 


| 
4 
4 

4 

Symbol 
1937 785 To | Po 

1938 684 T Pi 

1939 656 T: Ps q 

1940 628 Ts Ps 4 

1941 600 Ts P, | 

1942 572 Ts Ps if 

1943 544 Ts Ps 4 

1944 | 516 Py 
1945 488 Ts Ps “a 

1946 460 To Ps 

1947+ 432 Tio Pio 4 

31.4 4 
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squares to the experience of the years 1930-1937 inclusive. It is inter- 
esting to note that the values of the distribution index become smaller 
as the interval of time from 1937 becomes greater. This characteristic 
tends to minimize the effect of any error in the estimation of the deaths. 
For example, an error of a 100 either way in the estimation of the total 
deaths for 1947 would have little influence on the sum of Dy + D; + 
Dz + --- Dy. Since the deaths are decreasing, the fatality rates based 
on the experience of 1937 alone, keeping in mind the limitation imposed 
by the eleven-year period, are too high. | 

In addition to these two factors, increasing deaths and decreasing 
To X 100 


0 


deaths which influence the ratio , there are at least two other 


TABLE 5 
Tuberculosis case fatality rates—Detroit 1937 


Do X 100 376 X 100 
I. X = 2,455 = 15.3 


X 100 785 x 100 
. = = 32.0 
Xo 2,455 


(To+Co)100 _ °943 


= = 36.1 
Xo + Co 2,613 


ITI. 


important factors that have to be taken into account when the ratio is 
calculated for actual data. 


1: Some cases reported in one registration unit may die and be recorded as 
deaths in a different unit. This factor tends to make To less than it should 


be, and the ratio ks 


2: Many cases of tuberculosis are without doubt not reported. This factor 


tends to make the ratio > a = greater than it should be. 
0 


It seems at present practically impossible to measure the effect of these 

two factors, or to determine how nearly they offset one another. There- 

To X 100 
Xo 


a true case fatality rate. 


fore, the ratio can be looked upon as only an approximation to 
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So far deaths during a year that have never been reported as cases 
have not been considered. Of course, there is always the possibility 
that they may have been reported in some other registration unit than 
the one in which the death was recorded. 

If Cy = the deaths not reported as cases in the year (0), 

(To + Co) 100 

3. Then 
to a true fatality rate. However, in this ratio Cy deaths in the numer- 
ator are represented by only Cy cases in the denominator, and such a 
relationship is not in accordance with observed experience. 

For purposes of comparison, the three case fatality rates discussed 
To X 100 
0 
limitations of available data seems to be a practical and valuable ap- 
proximation to a true case fatality rate. 


may be looked upon as another approximation 


are presented in table 5. All in all, the ratio considering the 


SUMMARY 


It is difficult, if not impossible, to calculate a true case fatality rate 
for such a chronic disease as tuberculosis. If this be true, it would 
seem that an approximation to a true case fatality rate is perhaps the 
best that can be done in view of the available data. 

An attempt has been made to investigate certain approximations and 
to determine some of their limitations. If the number of deaths from 
tuberculosis during any given year and reported as cases previous to 
death during the same year, be expressed as a percentage of the total 
cases reported during the year, a case fatality rate of a kind is obtained. 

It is obvious that such a case fatality rate is only a part of the true 
total case fatality rate, for cases reported in any year may die later. 
It is suggested that such a case fatality rate could be used as an index 
of the speed with which cases are reported. This index approaches 
zero as fewer and fewer cases die within a year of the date of report. 
Certainly, it would not seem to be an unreasonable goal that practi- 
cally all cases of tuberculosis should be reported more than a year at least 
before death. A more accurate index of the speed of reporting could be 
obtained by calculating for the cases reported during any given year the 
percentage of those dying within a year of report. This could well be 
attempted, but the determination of the status of each patient at the 
end of a year would present a difficulty. 

If the total number of deaths from tuberculosis during any given year 
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that was ever reported be expressed as a percentage of the total cases 
reported during the same year, a better approximation to a true case 
fatality rate is obtained. It is shown by the methods employed that 
if the deaths from tuberculosis are constant over a period of years, 
then the case fatality rate thus calculated would theoretically be equiva- 
lent to the true case fatality rate for the period considered. If the 
deaths are decreasing over a period, the case fatality rate thus obtained 
is too large, and if increasing, too small as compared to the true case 
fatality rate. 

There are other factors that are difficult of evaluation in trying to 
approximate a true case fatality rate. There may be cases reported in 
one registration unit for which a case fatality rate is desired, that are 
reported as deaths in another unit. The occurrence of these deaths are 
often not known to the first unit. This tends to make the case fatality 
rate too small. On the other hand, many cases of tuberculosis are not 
recorded even within the same registration unit as that in which the 
corresponding deaths occur. This tends to make the case fatality rate 
too large. Furthermore, deaths may be recorded in one registration 
unit that were reported as cases in another. In this instance the first 
registration unit does not know that the deaths have been reported 
previously as cases. All these factors make the determination of a true 
case fatality rate all but impossible. 

However, the approximate case fatality rate as just defined, in view 
of the limitations of available data, is considered to be the best for prac- 
tical purposes. It is not considered to be desirable, for theoretical rea- 
sons, to include deaths never reported as cases in calculating case fatality 
rates. It is much to be desired that all registration units check all 
deaths from tuberculosis in order to determine whether or not they had 
been previously reported as cases, and if so, when reported. 

The status of each reported case should be followed for as long as 
possible in order to determine whether or not death from tuberculosis 
occurs, and if so, to record the length of time between the date of re- 
porting and the date of death. The extensive accumulation of such 
data would furnish the basis for the calculation of more exact case 
fatality rates. 
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THE TOLL OF TUBERCULOUS INFECTION! 
EMIL BOGEN? 


Extensive clinical surveys have shown that only about one per cent 
of the population examined are suffering from active pulmonary tuber- 
culosis at any one time (1). Official statistics indicate that less than one- 
tenth of one per cent of those living may be expected to die of tubercu- 
losis each year (2). The inference has been drawn that only a very small 
fraction of the persons infected by the tubercle bacillus will ever suffer 
from serious or fatal tuberculous disease (3). Since this erroneous con- 
ception may form the basis for important medical and social decisions, 
a consideration of the ultimate fate of infected individuals appears 
desirable. 

The annual death rate from tuberculosis in different parts of the world 
varies widely. More than a generation ago, at least in the large cities 
of Europe, from 15 to 25 per cent of all deaths were ascribed to this 
cause (4). Over a long period of time, then, about one-fifth of all per- 
sons must have died of tuberculosis. 

The annual death rate from tuberculosis has fallen rapidly since that 
time. Since 1920 the tuberculosis death rate in the United States has 
ranged between 50 and 100 per 100,000 population. This figure con- 
stitutes from 5 to 10 per cent of the total number of deaths recorded 
annually. More than 5 per cent of the entire population may, therefore, 
be expected to die of this disease eventually, if the present mortality 
rates continue. By the use of life tables, a more precise figure may be 
obtained for the probable expectation of’death from tuberculosis, but 
for a stable population of uniform death rates this agrees essentially 
with the simpler calculation just given (5). 

A large and increasing proportion of the population entirely escapes 
infection by the tubercle bacillus (6). Among these, of course, both 
annual and ultimate tuberculosis mortality is zero. The tuberculosis 
death rate among persons actually infected by the tubercle bacillus is 
much less variable than that in the entire population. No direct 

1 This study was made with the aid of W.P.A. Project no. 665-07-3-323. 

2 Olive View Sanatorium, Olive View, California. 

253 


t 

e 
‘ + 

d 

A 

4 bed 

h 
e 
ic 4 

4 

4 

a 


254 EMIL BOGEN 


information is available as to the death rate among infected individuals 
alone, but comparison of tuberculin tests and autopsy findings with the 
tuberculosis death rates existing in various populations yields some 
indication of their probable values. 

If the danger of infection from tuberculosis (r) remains constant in 
successive years, and is evenly distributed over the population at different 
ages, then the proportion of the persons of any number of years (n) 
who have not yet been infected (sn) would equal the percentage of indi- 
viduals who escape infection in any one year, multiplied by itself that 
number of times (sn = (1 — r)"). (7). 

The manner in which positive tuberculin reactions (8) or evidence of 
tuberculous lesions at autopsy (9) increase with age suggests that the 
conditions of the foregoing calculations, a uniform infection rate at dif- 
ferent ages and years, are approximated in practice. The true infection 
rate is slightly higher than would be indicated by either of these methods, 
owing to loss of sensitization to tuberculin in individuals previously 
positive (10), and to failure to see minute lesions which may be all that 
remain of tuberculous infection, but these errors are probably too small 
to make much change. 

Accordingly, an annual infection rate of 2 per cent, corresponding to 
an annual survivorship rate of 98 per cent, would leave nearly 75 per 
cent of a population still uninfected at fifteen years of age, and 50 per 
cent uninfected at thirty-five years of age. If the total population were 
distributed in the various age groups, as shown in the United States 
Census of 1930, an infection rate of 2 per cent per annum would leave 
60 per cent of the population uninfected at any one time. 

If the total number of deaths from all causes were divided among the 
different ages, as were those reported in the United States in 1930, an 
annual infection rate of 2 per cent would have resulted in infection of 
over half of those dying. 

If the death rate from all causes, per 1,000 living at the different ages, 
remained as it was in the United States registration area in 1930, an 
annual average tuberculosis infection rate of 2 per cent would leave one- 
third of the population uninfected at the time of death. 

More than half a century ago, it appears that tuberculous infection 
was practically ubiquitous, at least in large cities (11). The actual 
extent of infection at that time in various places is not readily deter- 
mined, but fragmentary tuberculin tests showed almost universal infec- 
tion in adults (12), and tuberculous lesions have been reported in as high 
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as 80 per cent of all autopsied bodies (13). The tuberculosis death 
rates of from 200 to more than 600 per 100,000 in the entire population, 
then, (14) constituting about one-fifth of all deaths annually, would have 
been even higher among the infected population alone. Tuberculosis 
at that time, accordingly, must have killed more than 20 per cent of 
all of those infected. ; 

Recent tuberculin surveys indicate that less than half of the total popu- 
lation, or even of the persons now dying, have ever been infected by the 
tubercle bacillus (15). The scanty autopsy reports available are con- 
sistent with these figures, as compared with those of earlier years (16). 
The tuberculous mortality rates of 50 to 100 per 100,000 population, 
then, would represent from 100 to 200 per 100,000 for those who have 
been infected, which is from one-tenth to one-fifth of all deaths occurring 
among them. Despite the great reduction in total tuberculosis mor- 
tality, from 10 to 20 per cent of all infected individuals still die eventually 
of this disease. 

The incidence of actual pathological lesions due to the tubercle bacillus 
among individuals infected by it is certainly much higher than clinical 
impressions indicate (17). Efficient tuberculosis case reporting may 
yield as much as three times as many new cases annually as deaths from 
tuberculosis occurring in the same year (18). Over a long period of 
time, the total number of persons infected would, therefore, be more 
than three times the number dying of the disease. Since 10 to 20 per 
cent of all infected individuals finally die of tuberculosis, the total 
number of cases of clinical tuberculosis eventually developing must be 
nearly half of the total number of infected individuals. 

A high percentage of patients dying in general hospitals show some 
evidence of tuberculous lesions at autopsy (19). The figures obtained 
in recent years are much lower than those previously reported (20), 
but if only those persons who had positive tuberculin tests, that is, who 
had been infected by the tubercle bacillus, were examined, the same 
high percentage, approaching 100 per cent, might be obtained. Although 
many of the lesions so described have been so small and insignificant 
that they may never have excited noticeable clinical symptoms, or even 
be detectable by physical or X-ray examinations, the majority present 
evidence of distinct tuberculous disease (21). The tuberculous lesions 
appear active or progressive in about one-third of the bodies showing 
such lesions at autopsy (22), and nearly half of the patients with such 
active lesions were reported to have died of this cause (23). Thus, about 
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one sixth of all those shown by autopsies to have had tuberculous infec- 
tion appear to have died of the disease. 

The average duration of tuberculous disease following diagnosis among 
patients dying in sanatoria and hospitals to-day is little more than the 
two or three years reported by Laennec and other writers (24) more than 
a century ago (25). This is a misleading figure with regard to the sur- 
vival of patients with tuberculous disease in general, since intramural 
deaths represent failures in therapy, whose deaths are not much more 
delayed now than if the treatment, which was unsuccessful, had not been 
available. The average interval between the age at the time of notifica- 
tion and that at the time of death of all patients reported is more than 
double that figure, and has shown a definite prolongation during the 
past two decades (26). 

The average duration of active disease and of infectiousness among the 
patients who do not die while in an institution can only be estimated 
from the fragmentary data available. Under active pneumothorax, or 
other collapse measures, the average successfully treated patient becomes 
sputum-negative within three months (27). On the other hand, the 
“good chronics” described by Brown and Sampson may continue to 
suffer disability and scatter bacilli for decades (28). The average dura- 
tion of infectiousness, if not that of recognizable clinical disease, in pa- 
tients who do not die within an institution may be not much different 
from the duration of survival in those who succumb to the disease, 
although this is open to argument from both sides. 

If the number of new cases of tuberculosis recognized and reported 
annually is three times the number of deaths from this disease, and the 
average duration of active disease is more than three years, the number 
of patients who may be found on a tuberculosis registry, or detected by 
a diagnostic survey at any one time, would be about ten times the annual 
number of deaths. When the annual tuberculosis death rate is about 100 
per 100,000 population, or 0.2 per cent of those infected, the number of 
cases of active tuberculosis, then, which could be detected at any one 
time would be about 2 per cent of the number of tuberculin-positive 
individuals 

Surveys have shown that the incidence of active tuberculosis disease, 
recognizable clinically and with the use of the X-ray, varies widely from 
less than 0.1 per cent (29) to more than 5 per cent (30) of the entire 
population examined. This variation is due chiefly to the differences in 
the incidence of tuberculous infection in the various groups. In Detroit 
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about 2 per cent of the positive reactors in the various groups, independ- 
ent of age and other factors, were found to show such active lesions (31). 
The proportion of positive reactors with active disease would be con- 
siderably increased, however, if the active cases which had already been 
recognized and removed to institutions before the survey occurred were 
included. 

If the total life expectancy of tuberculin-positive individuals were 
about forty-five years, about that of the average twenty-year-old to-day, 
and the average duration of recognizable tuberculous disease is about 
three years, only about 7 per cent of those destined to develop such 
lesions might be expected to show them at any one time. The actual 
finding of about half this number of cases of tuberculous disease in 
infected individuals at any one time, then, indicates that about half of 
those infected may be expected, eventually, to show such lesions. 

The figures used in this study are merely approximations, and no claim 
is made for great accuracy in the numbers and calculations presented. 
The incompleteness and variability of the data available do not warrant 
extreme precision in their use, and considerable differences may be 
obtained by the use of other figures. They will generally agree, how- 
ever, in indicating the magnitudes involved and in suggesting the rela- 
tive significance of the various factors involved. 

These proportions have apparently decreased in recent years, but are 
still far higher than is generally recognized. This does not mean that the 
infected individuals may not now live many years longer than those in 
the past. Since most of these deaths do not occur within the year of 
infection or of the group infected in any one year, the annual rates may 
be and, in fact, have been greatly reduced, and the average life expectancy 
of patients increased disproportionately to their ultimate fate. Both 
the frequency of disease among those infected and the annual mortality 
rates among those diseased have been lowered by the diminution of 
reinfection and by improvements in treatment as well as by other factors. 

The rapid decline in tuberculosis mortality rates has been due mainly 
to lessening in the incidence of infection. Among those infected, the 
toll, though diminished, is still appalling. Mortality statistics, mor- 
bidity reports, autopsy examinations, tuberculin tests and X-ray surveys 
indicate that about half of all infected individuals develop clinical tuber- 
culosis, and that from 10 to 20 per cent of them eventually die of the 
disease. The high risk of disease and death due to infection by the 
tubercle bacillus justifies increased efforts for its prevention. 
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EXPERIMENTAL TUBERCULOSIS IN THE DOG 
I. Cutaneous Sensitivity to Tuberculin in the Dog 


CHARLOTTE A. COLWELL anp MOORE A. MILLS 


The opinion prevailing in the literature that the reaction of the dog to 
injections of tuberculin is inconstant and unreliable has been refuted in a 
previous report (1). The purpose of this paper is to describe further 
observations in support of the claim that dogs experimentally infected 
with the tubercle bacillus will respond with typically positive reactions 
to the intracutaneous injection of tuberculin, to report the degree of 
sensitization in primary infection, reinfection and in BCG inoculated 
dogs subsequently infected with virulent bacilli, correlating, where 
possible, sensitivity with dosage and with the type of lesion. The length 
of the interval between infection and the appearance of sensitivity will be 
noted, as well as fluctuations in skin allergy, and the effect of intercurrent 
infection and infestation such as distemper and mange. 


METHODS 


Infection of dogs with tubercle bacilli. Primary infection: Forty-nine 
dogs were inoculated with virulent human or bovine tubercle bacilli® 
suspended in gastric mucin or saline as previously described (2), the 
majority of the injections being made intratracheally by means of a 
bronchoscope. Doses varied from 0.05 to 0.6 mg. per kg. body weight. 

Reinfection: Ten dogs reinfected intratracheally with virulent bacilli 
(from 0.5 mg. in repeated doses to 5.0 mg. in a single dose) from ninety- 
eight to four hundred forty-six days after primary infection were also 
studied for cutaneous allergy. 

BCG injections: Eighteen dogs were inoculated with BCG‘ by various 
routes and subsequently injected intratracheally with virulent tubercle 
bacilli. Oral BCG was administered to 7 puppies in two groups; one 


1From the Department of Research Bacteriology and the Department of Bacteriology, 
Northwestern University Medical School, Chicago, Illinois. 
2 Aided by a grant from the Committee on Scientific Research of the American Medical 
Association. 
3 Strains previously described (1, 2). 
‘ Strain obtained through the courtesy of Dr. W. H. Park 
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group of 3 was four months o]d and the second group of 4 was four weeks 
old when BCG feeding was instituted. Daily doses were given in their 
food until each puppy had received a total of 350 to 400 mg. The first 
group failed to develop definite skin sensitivity, possibly because they 
were too old when BCG feeding was begun; hence they were not in- 
jected with virulent bacilli. The second group received virulent human 
tubercle bacilli intratracheally (0.1 mg. per kg.) seventy-nine days 
after the last dose of BCG had been given. 

BCG was injected intravenously in 6 adult dogs. The dose was 5 mg. 
(0.4 to 0.6 mg. per kg.). Three of this group of 6 received a second in- 
travenous injection of the same amount of BCG fifty-nine days after 
the first. All 6 dogs were injected intratracheally with virulent human 
tubercle bacilli one hundred and fifty-five to one hundred and fifty- 
eight days after the last BCG injection. 

Intratracheal inoculation of BCG in 3 dogs and subcutaneous inocu- 
lation in 2 dogs (0.2 to 0.3 mg. per kg.) completed the BCG series. Two 
of those injected intratracheally and the 2 given BCG subcutaneously 
were injected with virulent human tubercle bacilli from eighty-one to 
one hundred and thirty-two days after BCG inoculation. 

Skin tests: Intracutaneous tests were performed at intervals upon care- 
fully shaven areas of the neck, back or upper portions of the hind quarters 
after thorough cleansing with soap and water and alcohol. Koch’s Old 
Tuberculin (OT, Parke Davis) and 1 per cent Purified Protein Derivative 
(PPD Seibert®) were used in comparable dilutions, carefully prepared in 
physiological salt solution and kept in the refrigerator. Dilutions older 
than three days were discarded in favor of fresh preparations (Long and 
Seibert (4)). The dose adopted for routine testing was 0.1 cc. of 1:100 
dilutions, that is, 1.0 mg. of OT and 0.01 mg. of PPD. An attempt was 
made to measure quantitatively the degree of sensitivity in selected 
animals by using more dilute tuberculin (1:1,000, 1:10,000, and 
1: 100,000 dilutions, or 0.1, 0.01 and 0.001 mg. of OT and 0.001, 0.000,1 
and 0.000,01 mg. PPD). 

The bleb raised by the injection, which was made with a 27 gauge 
needle, was ringed with skin pencil or dye; this, as has previously been 
noted, greatly facilitated reading tests, particularly when doubtful or 
negative reactions were encountered. Induration and erythema present 
at twenty-four, forty-eight and seventy-two hours were measured with 


5 Supplied through the courtesies of Dr. Esmond R. Long of the Henry Phipps Institute, 
Philadelphia, Pennsylvania, and of the Parke Davis Company. 
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dividers and recorded; forty-eight hour readings were graded according 
to Aronson’s (3) suggestions for standard measurements. 

Control studies were made in normal dogs by the intracutaneous in- 
jection of 0.1 cc. of 1:10 and 1:100 dilutions of both tuberculins. 


RESULTS OF INTRACUTANEOUS INJECTION OF TUBERCULIN IN NORMAL DOGS 


1:10 dilutions: Ten mg. of OT injected intratutaneously in 0.1 cc. 
volumes almost invariably produced some reaction in normal dogs, con- 
sisting usually of an area of induration surrounding a break in the skin, 
with scab formation, sometimes scaling at the periphery, measuring from 
6 to 10 mm. and enduring for three to ten days. 

The application of 0.1 mg. of PPD occasionally produced areas of 
induration measuring up to 6 or 7 mm. in diameter. This reaction was 
neither as constant nor as severe as with OT in the corresponding con- 
centration; the skin was not usually broken nor the induration as ex- 
tensive. 

The appearance of these reactions with 1:10 OT and PPD was some- 
what atypical; they were harder and less swollen than the oedematous 
wheals of the typically positive tuberculin test in sensitive dogs. How- 
ever, the use of strong tuberculin was avoided in testing tuberculous dogs. 

1:100 dilutions: Fifty-two normal dogs were tested with 1:100 tuber- 
culin (both OT and PPD), many repeatedly, before the inoculation of 
tubercle bacilli. A single injection, or repeated injections in the same 
dog in different areas of skin, produced at most, and only in an occasional 
dog, a slight erythema measuring 5 to 7 mm. in diameter or a small 
papule of ito4mm. Reactions for the most part were clearly negative. 

The only response to 1:100 tuberculin in normal dogs which could in 
any way have been confused with an allergic reaction was presented by 
dog #82, later inoculated with virulent bacilli. Three tests with 1:100 
OT were made at intervals in different areas of skin. The first resulted 
in oedema and erythema measuring 10 mm. in diameter; the other two 
were negative. It is possible that the positive reaction obtained was 
due to a fleeting sensitization, possibly nonspecific, conferred by multiple 
injections of 1:10 OT, made five days previous to the time the reaction 
with 1:100 tuberculin appeared. Although it is fairly well established 
that cutaneous sensitization does not regularly follow the injection of 
large amounts of OT, it appears possible that an occasional highly sus- 
ceptible individual animal might react in this manner. Two negative 
tests subsequently obtained, as well as postmortem findings two hundred 
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and thirty-seven days after primary infection and forty-seven days after 
reinfection, appeared to rule out the possibility that an earlier spontane- 
ously acquired tuberculosis was responsible for the one positive reaction. 

Excluding this dog on the basis that it might not have been normal at 
the time the reaction was obtained, it can be stated that the intracu- 
taneous injection of 1:100 tuberculin in normal dogs never gave rise to 
reactions which could be confused with positive tuberculin tests. This 
appeared to justify the adoption of this dilution as a standard for routine 
testing of tuberculous dogs. 


RESULTS OF SKIN TESTS ON TUBERCULOUS DOGS 


Induration and erythema were considered the most important criteria 
of cutaneous allergy and were usually perceptible in twenty-four hours. 
Occasionally maximum measurements were obtained at that time. The 
peak of the reaction was usually at forty-eight hours, however, and for 
uniformity forty-eight hour measurements were adopted for grading. 
At seventy-two hours the reaction had usually begun to fade, but often 
maximum oedema and induration persisted as long as five to six days. 
Strong positive tests often left areas of discolored skin which persisted 
for weeks. In general, erythema was somewhat difficult to estimate. 
Areas of fine white skin presented the clearest evidence of erythema; 
coarse or pigmented skin had less. If the skin was very dark or the 
oedema only moderate, no redness could be detected. 

Primary infection: There were 49 dogs in this series. Three were 
omitted in calculating percentages because in 2 (#6 and #14) post- 
mortem examination proved that they had not been successfully infected; 
the third ( # 46) died eight days after inoculation with tubercle bacilli, too 
soon to rule out possible development of skin allergy. Repeated tests on 
all 3 dogs had been negative. | 

The development of primary lesions in the lung was proved by either 
X-ray examination or autopsy or both in 43 of the remaining 46 dogs. 
Forty-one of these had positive skin reactions (89.1 per cent of inoculated 
dogs or 95.3 per cent of dogs with indisputable evidence of infection). 
(See table 1.) 

The percentage of positive reactors was slightly lower with higher 
dilutions of tuberculin. Sixteen dogs were studied with 1:1,000 dilu- 
tions; 12, or 75 per cent, had positive reactions, of which 10, or 62.5 per 
cent, were two-plus and 2 (12.5 per cent) were one-plus. Four (25 per 
cent) had negative reactions with this dilution, although weak two-plus or 
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one-plus tests were obtained in these 4 dogs with 1:100 tuberculin at the 
same period. Six of 9 dogs tested with 1:10,000 dilutions were positive 
(66.7 per cent); 4 had two-plus reactions and 2 were one-plus; while 3 
were negative to tuberculin of this concentration. Employment of 
1:100,000 dilution of tuberculin in 5 dogs elicited only doubtful reac- 
tions in 2, and 3 were frankly negative. As might logically be expected, 
the animals reacting most violently to 1:100 tuberculin were in general 
the ones having the strongest reactions when weaker tuberculin was used; 


TABLE 1 
Maximum reactions to intracutaneous tuberculin 1:100 in experimentally infected dogs 


REACTIONS 


STRAIN OF BACILLI INOCULATED 
One- Two- 
plus plus 


Virulent human or bovine (primary): 
Number 27 
Per cent 

BCG: 

Oral 
Number 
Per cent 
Intravenous 
Number 
Per cent 
Intratracheal and subcutaneous 
Number 
Per cent 


Totals: 
Number 37 
Per cent 9.37, 3.12) 12.5 | 57.87) 14.0 | 3.12 


that is, two-plus reactions to 1:10,000 tuberculin resulted in those dogs 
whose tests with 1:100 dilutions had been three-plus; and the only dogs 
having any reaction at all after the introduction of 1:100,000 dilutions 
were also those exhibiting three-plus and four-plus tests with 1:100 
dilutions. 

Negative reactions to 1:100 tuberculin were encountered in 5 dogs 
(10.7 per cent of inoculated dogs). Two of these (#53 and #84) died 
in a comparatively short time after inoculation. Tuberculosis was found 
at necropsy in both animals. Number 53 died sixty-five days after the 
injection of a large dose (5 mg. or 0.6 mg. per kg.) of virulent tubercle 
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bacilli; a rapidly progressive disease ensued. Negative skin tests 
throughout this period might be ascribed to the severity of the disease. 
The other ( # 84) developed severe distemper soon after the inoculation 
of tubercle bacilli, with purulent haemorrhagic discharges from nose and 
eyes, and died in thirty-one days. Skin tests at four, eight, sixteen and 
nineteen days after injection had been negative, although tuberculosis 
was found at autopsy. 

The 3 remaining dogs with negative skin tests (#4, #8, #16) were 
included in a group called “‘minimal infections.” X-ray films were nega- 
tive; skin tests were doubtful or negative. Proof of noninfection was 
not obtained in these 3 dogs since they were reinjected with virulent 
tubercle bacilli before being autopsied. Primary injections in these 3 
dogs were among the first of the intratracheal injections made. It is 


TABLE 2 


Showing absence of correlation between dosage of tubercle bacilli and degree of cutaneous sensitivity 
(primary infections with virulent bacilli) 


GRADE OF CUTANEOUS 
NUMBER OF DOGS SENSITIVITY DOSE OF BACILLI 


mg ./kg. 
Four-plus 0.42, 0.086 
Three-plus 0.12 to 0.5 
Two-plus 0.08 to 0.64 
One-plus 0.05, 0.1 and 0.15 


possible that failure to produce evident infection was due to imperfectly 
developed technique in placing the bacilli and coughing up of part of 
the inoculum. 

There appeared to be little correlation between the size of the dose of 
virulent tubercle bacilli and the severity of the skin reaction. The four- 
plus reactions were obtained in 2 dogs which had received respectively 
0.086 and 0.42 mg. per kg. (1 mg. and 5 mg. total doses); the three-plus 
reactions occurred in dogs which had received between 0.12 and 0.5 mg. 
per kg. (1, 2, 3, 4 and 5 mg. total doses); the 27 animals with two-plus 
reactions had been given doses varying from 0.08 to 0.64 mg. per kg. 
(1, 2, 3, 4 and 5 mg. total); while the 3 dogs with one-plus reactions had 
received 0.05, 0.1 and 0.15 mg. per kg. (all 1 mg. total doses) respectively 
(table 2). 

Reinfection: Skin reactions to 1:100 tuberculin were.followed in 10 of 
the above dogs after reinfection with virulent bacilli. Reactions were 
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distributed as follows: 2 (20 per cent) developed four-plus tests (one 
had been four-plus before reinjection); 2 (20 per cent) had three-plus 
tests and 6 (60 per cent) had two-plus tests. No negative, doubtful 
or one-plus reactions were encountered in this group after reinfection, 
although after primary inoculation 3 had been doubtful or negative and 
3, one-plus to two-plus. The remaining 4 reinfected dogs had had two- 
plus or three-plus tests before reinjection. ; 

When more dilute tuberculin was employed, reactions were weaker, 
as in the group of primary infections. Nine reinjected dogs were tested 
with 1: 1,000 dilutions; 6 (66.6 per cent) responded with two-plus tests to 
both OT and PPD; 2 were two-pius with either OT or PPD and one-plus 
with the other tuberculin, while one had only a weak one-plus reaction 
with both tuberculins. Tests with 1:10,000 dilutions in 8 dogs were 
distributed as follows: one was two-plus with both tuberculins, in one 
PPD produced a two-plus test and OT a one-plus test, 3 were one- 
plus with both tuberculins and 3 were negative with both in this dilution. 
Seven dogs were negative with 1:100,000 dilutions of both tuberculins. 


SKIN TESTS IN DOGS INOCULATED WITH BCG 


Oral BCG: Three puppies given BCG by mouth at four months of age 
never exhibited definite skin sensitivity to tuberculin. Two months 
after inoculation with BCG, 2 had doubtful reactions and one was nega- 
tive; two months later all 3 were negative. Results on the remaining 4, 
fed BCG at four weeks of age, were as follows: ten weeks after the last 
dose of BCG, one puppy had two-plus reactions to both tuberculins, 
another had a two-plus test with OT and a one-plus test with PPD and 
2 had weak one-plus reactions with both OT and PPD (table 1). 

Intravenous BCG: After the first intravenous injection of 5 mg. BCG, 
two-plus reactions were obtained in one dog on the twelfth day and 
one-plus reactions in 5 dogs in sixteen to fifty or more days. A second 
dose of BCG in 3 of these animals increased the skin reactivity to stronger 
one-plus or two-plus. 

Intratracheal BCG: Three dogs had two-plus tests with 1:100 tuber- 
culin forty days after BCG inoculation; sixty-one days after, the reaction 
in one dog had dropped to one-plus. 

Subcutaneous BCG: The 2 dogs in this group both had two-plus tests 
with 1:100 tuberculin twenty to sixty days after injection of BCG. One 
was negative when tested with 1:1,000 tuberculin; the other had one- 
plus reactions to this dilution. 
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Infection with virulent bacilli after BCG inoculation: An increase in 
cutaneous sensitivity was usually the result. Fourteen days after injec- 
tion of virulent bacilli into the 4 puppies given BCG per os, skin tests 
in 2 were two-plus with both tuberculins, in one the reaction was two- 
plus with OT and one-plus with PPD, while reactions to both tuberculins 
remained one-plus in one dog. Infection with virulent bacilli of the 
group given intravenous BCG raised the skin reactivity to marked two- 
plus or three-plus within five to seven days after inoculation. Two of 
the 3 dogs injected intratracheally with BCG were infected with virulent 
bacilli with little effect on their skin reactions to tuberculin; both still 
had two-plus tests. In the animals injected subcutaneously with BCG, 
infection with virulent bacilli increased skin reactivity in one dog from 
two-plus to three-plus; in the other, repeated skin tests showed a great 
deal of variation, from doubtful to two-plus. 


LENGTH OF THE PREALLERGIC INTERVAL 


To determine approximately the time of appearance of sensitivity in 
the dog, skin tests were repeated at short intervals (two to five days) 
after the injection of bacilli. Care was taken in placing tests to avoid 
superimposing later tests on sites of earlier injections. In 20 dogs in- 
jected intratracheally with virulent bacilli (0.1 to 0.6 mg. per kg.), seven 
to twelve days were required in general for manifestations of cutaneous 
allergy. Erythema or slight oedema was sometimes evident in four to 
six days; in seven to eight days, one- or two-plus tests were obtained, 
and in eleven to twelve days, two-plus or even three-plus tests occurred, 
indicating progressive development of sensitivity. Six of this series 
tested for the first time after infection on the seventh day all had two- 
plus reactions. 

Six adult dogs injected intravenously with BCG (0.4 to 0.6 mg. per kg.) 
were slower to exhibit positive tests and the degree of allergy was less. 
Only one dog had any reaction at all after nine days; it was one-plus 
at this time and became two-plus in twelve days. Four had negative 
tests, or at most, a slight erythema, at four, six, eight and eleven days, 
becoming weak one-plus in sixteen to twenty-one days. These 4 animals 
never attained reactions greater than one-plus after the first BCG injec- 
tion. One dog appeared to be extremely refractory to the development 
of skin sensitivity. Tests were repeatedly negative, or at most, only 
doubtful, for over eighty days, but eventually two-plus reactions were 
obtained one hundred and fifty days after BCG injection. This dog 
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was thin and emaciated and appeared to be in poor general health for 
weeks after administration of BCG. Within four to seven days after 
the intratracheal injection of virulent bacilli, all 6 BCG dogs had two- 
or three-plus reactions to 1:100 tuberculin. 


FLUCTUATIONS IN SKIN ALLERGY 


The reaction to 1:100 tuberculin showed a striking degree of con- 
sistency in the same dog tested at intervals of one to three months after 
the development of maximum sensitivity. When variations were 
observed, they were usually associated with one of three conditions: 
poor general health, reinfection of dogs with primary lesions, or infec- 
tion of BCG dogs with virulent bacilli. A state of poor health was 
usually ascribable to one or more of four causes: distemper, severe mange, 
inanition developing after legs were fractured in attempts to jump from 
cages or severe tuberculous lesions. 

Five dogs developed distemper soon after inoculation with tubercle 
bacilli; only one had a clearly positive reaction (two-plus). Three varied 
between weak one-plus and negative reactions and died or were sacrificed 
before they became more positive. One was negative for the duration 
of the disease, but recovery from distemper (also mange) was followed 
by a two-plus reaction in this dog. 

Mange complicated the picture in 15 dogs. Eight previously exhibit- 
ing two-plus and three-plus reactions developed severe mange and at this 
time had negative skin tests; 3 were cured of mange and regained their 
two- or three-plus skin reactions. Four died; extensive tuberculosis was 
found at autopsy. It is possible that in these 4 failure to react to 
tuberculin was due to the extent and severity of the tuberculosis they 
harbored rather than to the mangy condition of the skin. Two mangy 
dogs retained their two-plus tests during the skin infestation; 2 which 
had previously had strong three-plus reactions dropped respectively to 
moderate two-plus and weak one-plus after acquiring the mange. Four 
dogs had irregular weakly positive reactions during the course of the 
mange. One dog having both mange and distemper maintained a nega- 
tive reaction to tuberculin for over one hundred days after infection 
with virulent bacilli; with recovery of a clear skin and gain in weight, 
positive skin tests were elicited. 

Extensive tuberculosis was definitely depressing to skin allergy 
(table 3). Eight dogs had weak one-plus or negative reactions one to 
three months before death; 7 of these had previously had two-plus skin 
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tests. The eighth (#53) died sixty-four days after infection with viru- 
lent bacilli (0.6 mg. per kg.) and never had a positive tuberculin reaction; 
it was believed that this was due to the rapid development and wide 
extent of the tuberculosis. Postmortem examinations revealed exten- 
sive tuberculosis in all 8 of these dogs. 

It has been mentioned that reinfection of dogs with primary lesions 
and infection of BCG inoculated dogs with virulent tubercle bacilli some- 
times stimulated manifestations of skin allergy. 


TABLE 3 
Effect of extensive tuberculous disease on cutaneous sensitivity 


SKIN TEST BEFORE DISEASE BECAME 
EXTENSIVE SKIN TESTS 1-3 MONTHS BEFORE DEATH 


Two-plus Negative 

One-plus to two-plus Doubtful to one-plus 
Two-plus Negative 

Two-plus Negative 

Two-plus Weak one-plus to negative 
Two-plus Negative 

Doubtiul to negative Negative 

Two-plus Doubtful 


DISCUSSION 


Studies of experimental tuberculosis in the dog indicate that it more 
nearly approaches the type of disease found in man than that which 
results in the more commonly employed, more susceptible laboratory 
animals, such as the guinea pig and rabbit (2, 16). It would appear 
that the resistance of the dog to infection with the tubercle bacillus is 
similar to or somewhat greater than that in man. For these reasons it 
is hoped that the occurrence of positive skin reactions to tuberculin in the 
dog will open a new avenue of approach to the problems of human tuber- 
culin allergy. 

The literature contains several references to the effect that the skin 
reaction to tuberculin is irregular and unreliable in the dog. It is sug- 
gested that previous failures to obtain satisfactory skin tests were due 
to the use of unnecessarily large doses of tubercle bacilli in infecting the 
dog. A rapidly progressive infection which was quickly fatal was the 
result; the absence of dermal sensitivity may have been similar to the 
depression noted in other animals, including man, in the final stages of 


DOG NUMBER 

9 
30* 
36* 
39 
43* 
44* 
53 
75 

* Mangy. 
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the disease. The most marked reactions in the series of dogs here 
reported were obtained after duration of the disease for from two hundred 
and fifty to three hundred days. Moreover, large doses of tuberculin 
have previously been employed (17); this leads to confusion, since normal 
dogs will respond with evidences of inflammation to the injection of 
1:10 tuberculin. The use of 1:100 dilutions, however, gives negative 
results in normal dogs as well as a high percentage of positive results in 
tuberculous dogs and thus constitutes an optimal dilution. 

The time of appearance of sensitivity in dogs appears to correspond 
roughly to the preallergic interval in other animals (7, 8, 9, 10, 11), with 
more rapid development after inoculation of virulent organisms than 
after corresponding doses of BCG (12, 13). The importance of the route 
of injection and the size of the dose have not yet received sufficient con- 
sideration in the dog, although the indications are that individual varia- 
tion in skin reactivity is a more important factor than the size of the dose. 

Suggestions of reduction in the degree of skin reactivity by distemper 
and more definite indications that mange has the same effect may be 
similar to temporary suppression of cutaneous allergy in human cases 
by acute exanthemata, such as scarlet fever and measles (14, 15). 

Studies have not been in progress sufficiently long to reach conclusions 
concerning variation in sensitivity after healing of the tuberculous lesion. 
In one dog, progressively fading sensitivity was observed over a period 
of fourteen months. X-ray films, which showed clearly a small lesion 
in the right lower lobe at forty days, were entirely negative at four 
months. Nine months after the radiographic clearing, marked three-plus 
tests were obtained with 1:100 tuberculin and dilutions as high as 
1:10,000 produced two-plus reactions; nineteen months afterwards, 
1:100 dilutions gave two-plus tests; finally, twenty-three months after- 
wards, reactions with this dilution of tuberculin were weak one-plus. 


SUMMARY 


Normal dogs do not respond to the intracutaneous injection of 0.1 cc. 
of 1:100 tuberculin; the injection of the same amount of 1:10 tuberculin 
causes an atypical inflammatory reaction. 

Dogs experimentally infected with the tubercle bacillus responded in a 
high percentage of cases with positive reactions to the intracutaneous 
application of 0.1 cc. of 1:100 OT (1.0 mg.) and PPD (0.01 mg.). Of 
46 dogs with primary inoculations of virulent tubercle bacilli, 41, or 
89.1 per cent, had one-plus to four-plus reactions and 5, or 10.9 per cent, 
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were negative. Ten of these dogs were reinfected with virulent bacilli 
and 100 per cent were positive with 1:100 tuberculin (two-plus to four- 
plus). No negative doubtful or one-plus reactions were encountered in 
this small group of reinfected dogs, although before reinfection 3 had 
been doubtful or negative reactors. Of 18 dogs injected with BCG, 15, 
or 83.3 per cent, were one-plus or two-plus and 3, or 16.6 per cent, were 
negative or doubtful. 

Two-plus reactions have been obtained with dilutions of tuberculin 
as high as 1:10,000 (0.01 mg. of OT and 0.000,1 mg. of PPD); dilutions 
of 1:100,000 have thus far produced only doubtful or negative results. 
Skin sensitivity developed in seven to twelve days after intratracheal 
injection of 0.05 to 0.6 mg. per kilogram of body weight of virulent 
tubercle bacilli and in sixteen to twenty-one days after intravenous inocu- 
lation of 0.4 to 0.6 mg. per kg. of BCG, and was more intense after the 
administration of virulent bacilli than after corresponding or greater 
doses of BCG. The severity of the reaction was maintained at a fairly 
constant level as long as the general condition of the animal was good. 
Impairment of general health, including severe tuberculosis, reduced 
sensitivity manifestations. Reinfection of dogs with primary lesions or 
infection of BCG-inoculated animals with virulent bacilli usually raised 


the degree of skin reactivity. Light colored, fine-skinned animals were 
more satisfactory for studies in cutaneous allergy than dark coarse- 
skinned animals. 
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EXPERIMENTAL TUBERCULOSIS IN THE DOG! 


II. Comparison of Old Tuberculin and Purified Protein Derivative 
in Intracutaneous Tests ’ 


CHARLOTTE A. COLWELL anp MOORE A. MILLS 


Koch’s Old Tuberculin (OT) has proved over a period of time to be an 
invaluable aid in the diagnosis of tuberculous infection. Nevertheless, 
many difficulties have attended its use, not the Jeast of which has been 
the impossibility of obtaining material of standard potency from time to 
time in different parts of the world. A standardized tuberculin has been 
a long felt need. The purification by Seibert (1) in 1934 of the protein 
eliciting the positive skin test in tuberculosis is one of the most notable 
developments in this field in recent years. The adoption of Seibert’s 
Purified Protein Derivative (PPD), proved equal or superior to OT in 
potency and specificity, will enhance the value of many studies by permit- 
ting correlation of results. 

Surveys of the comparative efficacy of accepted OT preparations and 
the newer PPD for the diagnosis of tuberculous infection have been 
conducted mainly in human subjects (2, 3, 4, 5, 6). The desirability of 
the use of animals is evident from the fact that information concerning 
the progress or retrogression of the disease can be obtained with greater 
precision and more rapidly than in man. An opportunity to compare 
the results obtained with the two types of tuberculin in dogs experi- 
mentally infected with tubercle bacilli has been recently afforded in this 
laboratory. The purpose of this paper is to report these data. 

Dogs were infected with virulent bacilli or injected with BCG as pre- 
viously described (7, 9). Skin tests were performed by the intracu- 
taneous method, details of which also appear in earlier papers (8, 9). 
A potent OT (Parke Davis) and 1 per cent PPD* (Seibert) were used. 
PPD in this untableted form is considered approximately equivalent in 


1From the Department of Research Bacteriology and the Department of Bacteriology, 
Northwestern University Medical School, Chicago, Illinois. 

2 Aided by a grant from the Committee on Scientific Research of the American Medical 
Association. 

3 Supplied through the courtesies of Dr. Esmond R. Long of the Henry Phipps Institute, 
Philadelphia, Pennsylvania, and of the Parke Davis Company. 
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potency to crude OT; therefore corresponding doses are contained in 
equivalent dilutions. One-tenth cc. of 1:100, 1:1,000, 1:10,000 and 
1: 100,000 dilutions was used (1.0, 0.1, 0.01 and 0.001 mg. OT and 0.01, 
0.001, and 0.000,1 and 0.000,01 mg. PPD). Injections were made with 
both types of tuberculin in adjacent areas of skin at the same time in 
39 dogs with primary inoculations of virulent tubercle bacilli, 10 dogs 
reinfected with virulent human bacilli, 13 dogs inoculated with BCG, and 
10 BCG-dogs after inoculation with virulent bacilli. Tests were repeated 
at intervals throughout the disease. 


RESULTS 


Comparison of the two tuberculins was made by compiling two sets of 
survey tables. First, single tests with 1:100 dilutions of each (1.0 mg. 
of OT and 0.01 mg. of PPD) at the time of maximum sensitivity in each 
of the 72° dogs were selected and compared. OT and PPD produced 
exactly the same number of positive responses in this series (table 1). 
The grade of reaction sometimes differed (table 2), but never seriously. 
There was also remarkable agreement between the reactions obtained 
when more dilute tuberculin was employed. The most marked difference 
was obtained in a dog reacting mildly (one-plus) to 1:10,000 PPD at the 
time the reaction with a similar dilution of OT was negative. Ten other 
discrepancies in the grade of reaction in a total of 133 tests with all 
dilutions of tuberculin were of only minor importance; three-plus read- 
ings were obtained with PPD three times when OT produced only one- 
plus tests; twice OT produced two-plus tests and PPD only one-plus 
tests; once a doubtful reaction was obtained with PPD when the reaction 
to a similar dilution of OT was one-plus; and twice PPD was doubtful 
when OT was clearly negative in the same dilution. A total of 11 such 
minor discrepancies was noted in 133 tests with various dilutions (8.2 
per cent disagreement); three times OT produced the stronger reaction 
(2.2 per cent) and eight times PPD produced the stronger reaction 
(6.0 per cent). 

The second survey table includes the total number of tests performed 
with each tuberculin, including series of tests on the same dogs repeated 
at intervals with the various dilutions of tuberculin used (table 3). The 
total number of discrepancies in reaction with the two types of tuberculin 


4 Personal communication from Dr. Esmond R. Long. 
5 Tests on reinfected animals and on BCG dogs infected with virulent bacilli are counted 
as on different animals when the total number of dogs is quoted as 72. 
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was greater here (59 of 411 duplicate tests or 14.3 per cent), but again 
the degree of difference was negligible, with one exception; in one dog 
injected intravenously with BCG six months previously, a two-plus reac- 
tion was obtained with 1:100 OT at the time the test with PPD was 


TABLE 1 


Comparison of positive and negative reactions to 1:100 OT and PPD ih total number of inoculated 
dogs at time of maximum sensitivity 


GRADE OF REACTION 
TUBERCULIN 


Negative or Doubtful One-plus to four-plus 


OT 7 dogs 65 dogs 
PPD 7 dogs 65 dogs 


TABLE 2 


Comparison of grade of reaction to 1:100 OT and PPD in duplicate intracutaneous tests in 
experimentally infected dogs at time of maximum sensitivity 


SKIN TEST GRADE (NUMBER OF DOGS) 


TYPE OF INFECTION 
ubt- e- ree- 
ful plus Two-plus plus 


] 1 dog | 3 dogs | 25 dogs | 6 dogs 
> 
Primary 1 dog | 3 dogs | 24 dogs | 7 dogs 


Reinfection 


2 8 0 13 
PPD 7 0 


BCG inoculated... . { 


Virulent infection OT 8 2 10 
after BCG PPD 7 2 


OT 46 11 72 


Totals PPD | 3 3 42 | 13 


* Both dogs died in a comparatively short time after inoculation with virulent tubercle 
bacilli, one of distemper and one of an overwhelming tuberculosis. 
** Oral BCG. 


negative. The same dog had previously reacted to both OT and PPD 
with two-plus tests. It is possible that allergy was waning at this time; 
it is also possible that the discrepancy was due to some mechanical factor 
unrelated to the material injected. Three times OT produced a one-plus 
reaction when the test with the corresponding dilution of PPD was 
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negative or doubtful; once PPD resulted in a one-plus reaction when 
there was no response to the injection of OT. These one-plus reactions 
with one tuberculin at the time the reaction to the other was negative 
or doubtful usually occurred in dogs which had previously exhibited 
marked cutaneous sensitivity (two-plus or three-plus); suppression oc- 
curred with the development of mange, distemper or severe tubercu- 
losis (8). In 31 of the total of 59 discrepancies, the stronger reaction was 
produced by OT (7.5 per cent of total number of tests); twenty-eight 
times PPD gave the more intense reaction (6.8 per cent). 


TABLE 3 


Total duplicate tests with OT and PPD in 72 dogs experimentally infected with virulent tubercle 
bacilli, BCG, or both 


TUBERCULIN SKIN TEST READING 


ies One- | Two- 
Type Dilution plus plus 


OT 1:100 36 «| 173 341 tests 
PPD | 1:100 37 167 


OT 1:1,000 7 19 0 32 tests 
PPD :1,000 5 20 


OT :10,000 a 21 tests 
:10,000 5 


OT : 100,000 0 17 tests 
:100,000 0 


| 411 tests 


* Before the development of sensitivity (preallergic interval) or after contraction of 
mange, distemper or severe tuberculosis. 


The intensity of the reaction to tuberculin, PPD as well as OT, was 
decidedly reduced in severe tuberculosis; in 7 dogs the reaction to both 
OT and PPD was negative or very weak one to three months before 
death. Six of these dogs had previously responded with good two-plus 
reactions; the seventh had been inoculated with a large dose (5 mg.) of 
**_ulent tubercle bacilli, developed an overwhelming infection and died 
in sixty-four days; skin tests were never definitely positive with either 
tuberculin. Autopsies on all these dogs revealed extensive tuberculosis. 
Other conditions which appeared to depress cutaneous sensitivity were 
severe mange and distemper (8). The reaction to PPD was affected to 
the same degree as the reaction to OT. 


| Three- | Four- | 
| plus | plus | 
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The preallergic interval after inoculation of tubercle bacilli was of the 
same length with PPD as with OT; occasionally slight erythema or 
doubtful reactions (oedema of less than 5 mm.) occurred with one tuber- 
culin a few days earlier than with the other. With PPD, as with OT, 
the preallergic interval was longer after the inoculation of avirulent BCG 
than after the injection of virulent human or bovine tubercle bacilli (8). 

Studies in normal dogs have shown that the atypical reactions obtained 
with strong dilutions of OT (1:10) are less severe and less likely to occur 
with corresponding doses of PPD. A reaction to 1:100 PPD never 
occurred in a normal dog. 


DISCUSSION 


Analysis of these results indicates that in dogs, as in human subjects, 
reactions to the intracutaneous injection of PPD closely parallel the 
reactions obtained with a potent sample of the older proved and accepted 
OT. Minor differences observed in the grade of reaction to the two types 
of tuberculin were in the main due to arbitrary limits of measurement 
assigned to the grade of the reaction; that is, when three-plus readings 
were obtained with one tuberculin and two-plus readings with the other, 
in almost every case there was only 1 to 3 mm. actual difference in the 
sizes of the tests; the three-plus reaction measured slightly (1 to 3 mm.) 
over the 20 mm. limit assigned to the two-plus grade and the two-plus 
reaction measured only slightly (1 to 3 mm.) under this limit. By far 
the majority of the discrepancies observed were of this type and can, 
for all practical purposes, be ignored. Similar observations appear in 
surveys made in human subjects. 

Decided superiority of PPD over OT in detecting tuberculous disease, 
suggested by studies of Long, Aronson and Seibert (2), Plunkett and 
Siegal (6), and Law (5), was not noted in this work. It is fair to state, 
however, that the figures of Plunkett and Siegal, of Law and of Seide- 
man (12) indicate that the greater efficacy of PPD lies in the smaller 
doses, corresponding to 1:10,000 dilution of OT; higher concentrations 
of the two tuberculins gave more nearly equivalent results. The num- 
ber of tests here reported with 1:10,000 and 1:100,000 dilutions is too 
small to carry much weight. It is worthy of mention, however, that 6 
of 7 discrepancies in a total of 61 tests with these dilutions were in favor 
of PPD; the seventh was only a slight discrepancy, a doubtful PPD with 
a one-plus OT. A longer series of tests on dogs harboring tuberculous 
infection over a period of years would perhaps be more comparable to 
the human surveys. Palmer, LaFitte and White (4), on the other hand, 
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noted a decidedly larger number of positive reactions with OT than with 
PPD in Negroes with every group tested, particularly with the larger 
doses, and conclude that PPD offers no particular advantage over OT 
in the Negro. The work here reported does not indicate superiority 
of OT in the diagnosis of tuberculosis. The advantages of PPD over 
OT have been sufficiently publicized (2, 3, 5, 6,9, 12). The availability 
of a reliable tuberculin of standard potency and specificity, free from 
foreign materials contained in OT, should aid in advancing knowledge 
and understanding of some of the problems of tuberculosis by permitting 
correlation of results and observations obtained in different sections of 
the country at different times. 


SUMMARY AND CONCLUSIONS 


Simultaneous intracutaneous tests with equivalent dilutions of OT 
and PPD on 39 dogs with primary infections with virulent human or 
bovine tubercle bacilli, 10 dogs with primary lesions reinfected with 
virulent bacilli, 13 dogs inoculated with BCG and 10 BCG-dogs injected 
with virulent bacilli, show close agreement between the two types of 
tuberculin, both as to total number of positive tests and grade of reac- 
tion. A total of 411 tests was made with each tuberculin. Advanced 


tuberculosis and poor general health due to severe mange or distemper 
suppress skin reactions to PPD as well as OT. From these results in 
dogs, it would appear that PPD is at least as efficacious as a potent 
preparation of OT in eliciting positive reactions in the presence of tuber- 
culosis. The advantages of standardization and purity offered by PPD 
make it superior for use in routine testing for tuberculous infection. 
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TUBERCULOUS CAVITIES: 
Their Location and Prognostic Significance 


ROBERT CHARR, J. WOODROW SAVACOOL anp BURGESS GORDON 


There seems to be no doubt that the different parts of the thorax 
undergo varying degrees of respiratory movement. Posteriorly, thoracic 
expansion with inspiration is not as great as in the anterior part, due 
apparently to the attachment of the ribs to the rigid spinal column. 
Anteriorly, however, with deep inspiration there is marked expansion 
of the chest, since the ribs are attached to the sternum, the latter moving 
relatively easily with respiration. The difference in the respiratory 
motion between the anterior and posterior parts of the chest becomes 
more pronounced when the patient lies on his back. In this position 
there may be no respiratory expansion posteriorly. However, dia- 
phragmatic excursions bring about some motion in the lower portions 
of the thorax (1). 

In recognizing these differences in the degree of thoracic movements, 
the question is raised as to whether tuberculous cavities located in the 
anterior portion of the lungs may have different prognostic significance 
from those situated in the central and posterior parts. 


MATERIAL STUDIED 


The present study is based upon the clinical and roentgenological 
observations on 131 patients with pulmonary tuberculosis in whom the 
anteroposterior location of the cavities could be distinctly outlined. 
Most of these patients were observed for a year or more and some as 
long as ten years. By means of frequent roentgenological examination, 
as well as clinical observations, the behavior of the cavities was closely 
followed. Of these 131 patients, 46 died. Thirty-nine of them (84 
per cent) were studied postmortem. 

Method of study: The anteroposterior location of the cavities was 


1 From the Department for Diseases of the Chest, Jefferson Hospital, Philadelphia, Penn- 
sylvania, and the White Haven Sanatorium, White Haven, Pennsylvania. 

2 A part of the expense of this investigation was defrayed by a grant from the Joseph V. 
Horn Fund. 
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determined by means of lateral and stereoscopic X-ray examination of 
the chest, supplemented by geometrical localization of the cavities 
from stereoscopic roentgenograms as described by Davidson (2) and 
by Sweany, Cook and Kegerreis (3). The geometrical localization con- 
sists of actual measurement of the shift which the cavity undergoes 
from one stereoscopic film to the other as compared with the shift of the 
anterior and posterior ribs. Corresponding structures in the cavity wall 
or fluid level were noted on both stereoscopic films, the films superimposed 
and the difference in level measured. The anterior and posterior ribs 
were marked out similarly and the shift measured. Cavities with a 
shift nearly the same as the anterior ribs were interpreted as being 
anterior and those with a shift close to that of the posterior ribs as being 
posterior. Those midway between were listed as central. 


FINDINGS 


Among the 131 tuberculous patients there were 33 with cavitation in 
the anterior part of the lung (figure 1), 37 in the central region (figure 2) 
and 61 in the posterior area (figure 3). Their clinical behavior is sum- 
marized in table 1. 

In 19 cases the cavities were in the lower lobes; in 4 of these the 
pathological process could be considered as truly basal tuberculosis. 
Of these 19 lower lobe cavities, 15 were in the posterior portion, 2 in the 
central part and 2 in the anterior part. One of the 2 patients with an- 
terior cavities died, the other having improved slightly after phrenic 
nerve operation. One of the 2 with central cavities improved while the 
other failed to improve. Ten of the 15 posterior cavities improved. 
Among these 10 cases there were 7 with either phrenic nerve operation, 
artificial pneumothorax or both. 


Fic. 1. White male, aged fifty. Pulmonary tuberculosis for six months. A (top left): 
Anteroposterior view. Cavity in lower lobe of right lung. B (top right): Lateral view. 
Cavity in the anterior part of the lung. Disease was acute and the patient died of tuber- 
culous pneumonia. (Drs. Karl Kornblum and M. A. Dillman) 

Fic. 2. White female, aged seventeen. Pulmonary tuberculosis for a year. A (center 
left): Anteroposterior view. Cavity in the left upper lobe. Right lung normal. B 
(center right): Lateral view. Cavity in the central part of the upper lobe. Now 
symptom-free following three-stage thoracoplasty. (Drs. Karl Kornblum and M. A. Dill- 
man) 

Fic. 3. White male, aged thirty-seven. Pulmonary tuberculosis for five years. A 
(bottom left): Anteroposterior view. Cavity in the right upper lobe. B (bottom right): 
Lateral view. Cavity in the posterior part of the lower lobe. Disease is chronic and 
symptoms mild. (Drs. Karl Kornblum and M. A. Dillman) 
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Thirty-nine patients of the series came to necropsy. In 13 the cavity 
was in the anterior part of the lungs. Among these, 9 (70 per cent) 
showed acute ulcerocaseous tuberculosis. These lungs were about 
normal in size. The pleura showed only slight thickening but extensive 
fibrinous pleurisy. Directly beneath the pleura, particularly on the 
anterior surface were caseous tubercles varying in size from 2 mm. to 
1 cm. in diameter. In 3 cases there was perforation in the centre of a 
large caseous tubercle producing spontaneous pneumothorax. The 
posterior surface showed redness. On section the cavities in these 
cases were frequently multilocular and without fibrous walls. The 
inner surfaces of the cavities were covered with tuberculous membrane, 
and the cavities were criss-crossed with cord-like structures, some of 
which were bronchial branches. The caseous tubercles were particularly 
more numerous about the anterior portions of the lung, especially in the 


TABLE 1 


Clinical observations on 131 tuberculous patients having cavities in the anterior, central or posterior 
portion of the lung 


ANTERIOR CAVITY CENTRAL CAVITY >. POSTERIOR CAVITY 


Cases Per cent Cases Per cent Cases Per cent 


Improved.... 4.2 |. : 54.1 


Unimproved.... 33.4 d 18.0 
27.8 


sternal flap of the upper lobe as observed by Walsh (4). The posterior 
portions of the lower lobes showed marked congestion and occasionally 
areas of gelatinous pneumonia. There was very little evidence of fibrosis 
in any part of the lungs. In 4 cases (30 per cent) of this group, there 
was some fibrosis about the cavities and some of the tubercles appeared 
to have fibrous capsules. 

In the second group of 13 cases the cavity was in the centre of the 
lung. In this group 10 cases (77 per cent) showed fibrocaseous tuber- 
culosis. In some the lung was smaller than normal due to shrinking 
secondary to fibrosis of the pleura and the pulmonary parenchyma. 
The pleura showed marked thickening forming generalized adhesions 
to the chest wall. The pleural thickening was most marked posteriorly 
about the apex. In some cases the pleura measured more than 1 cm. 
in thickness, and showed areas of fatty infiltration. In one of these 
cases bone formation had occurred in the pleura. On section, the cavi- 
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ties showed caseous material covering fibrous inner surfaces. The tuber- 
cles in the majority of the cases showed dense fibrous capsules. Through- 
out the tuberculous areas was fibrous tissue proliferation. The posterior 
portion of the lower lobes showed some congestion. Areas of gelatinous 


Fic. 4. A: Diagram of a tuberculous bronchial stump extending into a cavity containing 
fluid. B: During inspiration with general widening of the bronchial lumen, air passes through 
the bronchial stur>s without difficulty. C: During expiration with general narrowing of the 
bronchial lumen, the tuberculous bronchial stump within the cavity closes, thus preventing 
egress of air. 


Fic. 5. A diagram of the diaphragm at deep inspiration, AC, and at full expiration or 
with a special abdominal support, AB, illustrating greater elevation posteriorly. 


pneumonia were seen less frequently than in the first group. Only 
in 3 (23 per cent) was the tuberculosis ulcerocaseous in character. 

In the third group of 13 cases, the cavity was in the posterior part 
of the lungs. Of these, 8 (61 per cent) showed fibrotic tuberculosis 
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similar to that found in the majority of the cases with the cavities in the 
centre of the lungs. Five (39 per cent) cases showed acute caseation 
as the predominant feature. 

The cavities with a fluid level frequently showed remnants of bronchial 
stumps protruding into the cavum (figure 4A). The only exit for the 
fluid is obviously the bronchus, but in these cases the end of the bron- 
chus hangs free in the cavity, thereby interfering with drainage. In 
such cases the cavity could readily be distended with air (figure 4B) 
but the cavity could not be collapsed by external force, suggesting the 
mechanism of a one-way valve action on the part of the diseased bron- 
chial stumps (figure 4C). Both macroscopical and microscopical exami- 
nations of such stumps showed narrowing of the bronchial lumen by 
tuberculous infiltration and ulceration of the mucosa. 


DISCUSSION 


The location of tuberculous cavities has been the subject of numerous 
studies from different aspects, the early reports having been from the 
German writers Assman (5) and Redeker (6). Their studies indicated 
that early cavities are usually subapical rather than apical in location 
and that the cavities extend into the apex from this original focus. Also 
the early subapical exudative lesions have a marked tendency to excavate 
(Fishberg (7)), while early apical lesions are more chronic in character 
and rarely develop cavities (Douglas, Pinner and Wolepor (8)). Later 
the work of Sweany, Cook and Kegerreis (3) brought out the fact that 
by far the large majority of early cavities are located posteriorly in the 
subapical area of the upper lobe. They believed that the predilection 
of the posterior subapical zone to develop tuberculous cavitation was 
due to poor drainage and gravitation of exudate toward the posterior 
portions of the lungs. In 1933, McMahon and Kerper (9) determined 
the prognostic significance of the location and types of cavities on or- 
dinary anteroposterior films and suggested that centrally located cavities 
give a better healing prognosis than peripheral ones. * They also con- 
cluded that right sided cavities close twice as frequently as left sided ones. 

In table 2 are the necropsied cases, divided into three groups, the 
anterior, central and posterior cavity groups. This table indicates 
that in 70 per cent of the cases with the cavities in the anterior portions 
of the lungs the tuberculosis was predominantly caseous and showed 
no evidence of healing. On the other hand, in the majority of the cases 
with the cavities located either in the posterior or central portions of 
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the lungs the tuberculosis was principally fibrotic and showed consider- 
able healing. Therefore, summing up the pathological findings in the 
series studied, it may be said that in the cases of anterior cavities, the 
tuberculous process was frequently ulcerocaseous without healing, 
whereas in those with the cavities in the central or posterior portions of 
the lungs, the disease was usually fibrocaseous with considerable healing. 

Large tuberculous cavities having a fluid level occur commonly. Some 
of them become larger under collapse treatment. In such cases one 
may think of the possibility of a bronchial stump within the cavity acting 
as a one-way valve. It appears that during inspiration with general 
widening of the bronchial lumen, air enters such a cavity through the 
stump, but during expiration, with general narrowing of the bronchi, 


TABLE 2 
Necropsy findings on 39 cases having cavities in the anterior, central or posterior portion of the lung 


” ANTERIOR CAVITY CENTRAL CAVITY POSTERIOR CAVITY 


Cases Per cent Cases Per cent Cases Per cent 


Ulcerocaseous 9 70 3 23 5 39 
Fibrocaseous 4 30 10 77 8 61 


the partially narrowed lumen of the stump becomes completely closed, 
thus preventing egress of air and acting as a one-way valve. When a 
considerable amount of fluid collects within the cavity, such bronchial 
stumps may find themselves dipping into the fluid. During inspiration 
air may bubble through the fluid, but any egress of air during expiration 
may be impossible. Bronchoscopy in such cases may show nothing 
significant within the bronchi, although pathological examination of the 
extreme ends of the bronchial stumps will most likely reveal extensive 
tuberculous changes. The apparent enlargement of the cavity in such 
instances as shown by roentgenogram may not be due to actual destruc- 
tion of the pulmonary parenchyma but probably to dilatation of the 
cavity by air trapped within it. When the stump sloughs off, the cavity 
may be collapsed by applying pressure outside the lung by pneumothorax 
or thoracoplasty. 

Tuberculous lesions when located in the lower parts of the lungs may 
be greatly influenced by the movement of the diaphragm. In the lateral 
view of the chest the normal diaphragm slopes rather sharply downward 
from anterior to posterior. Anteriorly the costophrenic angle is shallow 
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and almost a right angle, while posteriorly it is deep and acute. Thus 
the anterior portion of the diaphragm is relatively fixed as compared 
with the central and posterior portions. On deep inspiration, there- 
fore, the central portion descends almost vertically while the posterior 
and lateral portions move obliquely inward and downward, the acutely 
angled posterolateral extremities of the lower lobe descending deep into 
the costophrenic angle. In normal subjects the motion of the posterior 
and central portions of the lower lobe appears to be from two to four 
times as great as that of the anterior portion. Actual measurement of 
diaphragmatic excursion in norma] adult subjects showed that the 
anterior portion descends from 0 to one and one-half inches, the posterior 
portion from two and one-half to four inches on deep inspiration 
(figure 5). 

When the diaphragm is elevated by means of an abdominal support 
(1, 10) or by phrenic nerve paralysis, it ascends in an exaggerated ex- 
piratory position. Since the anterior portion does not elevate appre- 
ciably, the anterior cavities may not be well collapsed. However, the 
central portion of the diaphragm is elevated straight upward; therefore 
cavities located centrally may be better collapsed. The posterior por- 
tion of the lower lobe is compressed in an obliquely upward and outward 
direction, thus providing almost as much collapse of posterior lesions as 
central ones by reason of the increase in depth of the costophrenic angles. 

The findings in the present series suggest that the anterior cavities 
heal less frequently than the central or posterior cavities. This may be 
due to the greater movement of the front part of the chest, particularly 
when the patient lies on his back. For this reason it may be worth while 
to determine the anteroposterior location of the tuberculous lesion or 
cavity early in the treatment. It has been observed (11) that spon- 
taneous rupture of the superficially located caseous tubercles tends to 
occur in the front part of the lungs, probably due to the tendency of 
greater ballooning-out anteriorly during inspiration. In view of this 
observation, when a patient shows a tuberculous lesion in the front part of 
the lungs, one may question the advisability of having such a patient 
lie flat on his back, thus increasing the movement of the chest directly 
in front of the diseased part of the lung. It would seem that patients 
with tuberculous lesions in the front part of the lungs should receive 
some form of collapse treatment early. 

In the treatment of lower lobe cavities, the use of a special abdominal 
support is of value. It has been observed in the previous studies (1, 10) 
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that in certain patients elevating and limiting the vertical respiratory 
excursions of the diaphragm by means of abdominal supports decreased 
cough and dyspnoea and facilitated expectoration. The mechanism 
involved resembles bilateral phrenic nerve paralysis, with the advantage 
of retaining the normal propelling force of the diaphragm. In the treat- 
ment of lower lobe tuberculosis, prevention of accumulation of noxious 
secretions in the dependent portions of the bronchial tree is particularly 
important. When an accumulation of the secretion is permitted, there 
is a definite tendency on the part of the diseased portion of the lung to 
cavitate more readily. Adequate drainage of the lower lobes is not 
always possible with phrenic paralysis. In this respect the abdominal 
support has an advantage which phrenic nerve paralysis lacks. 

In cases in which the drainage from the diseased areas in the lower 
lobes is inadequate, bronchoscopic drainage is useful. Furthermore 
bronchoscopy is a definite diagnostic aid in the study of lower lobe lesions. 
Frequently the basal tuberculosis simulates nontuberculous pulmonary 
infection. Sputum although profuse may show no tubercle bacilli. 
However, Dr. Louis Clerf showed that the bronchial secretions removed 
by bronchoscopy revealed tubercle bacilli in large numbers (12). 


SUMMARY 


1. One hundred thirty-one patients with tuberculous cavities were 
studied. In 33 the cavity was in the anterior part of the lungs. In 37 
the cavity was in the central part and in 61 in the posterior region of the 
lungs. 

2. The anteroposterior localization of the cavities was determined by 
lateral and stereoscopic roentgen films of the chest and by geometrical 
localization. 

3. Clinical and roentgen ray evidences of improvement were found in 
54.1 per cent of the posterior cavity group and 40.5 per cent of the central 
cavity group, but only in 24.2 per cent of the anterior cavity group. 

4, Thirty-nine patients of the series came to necropsy. Of these, 13 
showed anterior cavities, 13 central cavities and 13 posterior cavities. 
Seventy per cent of the anterior cavity cases showed tuberculosis which 
was acute ulcerocaseous in character. The majority of the cases with 
the cavities either in the central or posterior regions of the lungs showed 
chronic fibroulcerative type of tuberculosis. 

5. At necropsy large cavities with fluid levels frequently showed free 
bronchial stumps extending into the cavities. These stumps showed 
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partial occlusion of the lumens by tuberculous infiltration and ulcera- 
tions of the bronchial mucosa. 

6. During forced inspiration in normal subjects, the anterior portion 
of the diaphragm descends 0 to one and one-half inches and the posterior 
portion from two and one-half to four inches. When an abdominal 
belt is applied or the diaphragm paralyzed the central and posterior 
parts of the diaphragm seem to ascend higher than the anterior parts. 


CONCLUSIONS 


The cavities in the anterior portions of the lungs were frequently asso- 
ciated with acute ulcerocaseous tuberculosis, whereas the central and 
posterior cavities were often seen with chronic fibrocaseous tuberculosis. 
Improvement was less frequent in the anterior cavity group than in the 
posterior or central cavity group. Therefore, in prognosis and treatment, 
the anteroposterior location of the cavities may be borne in mind. 


We are indebted to the members of the Medical Staff of the White Haven Sanatorium 
who allowed us to study several of their patients. 
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STATISTICAL DATA 


Edited by JESSAMINE S. WHITNEY , 
DECLINE IN TUBERCULOSIS DEATH RATE CONTINUES 


The decline in the tuberculosis death rate continued through 1939 as shown 
in the following table. The official Census Bureau tuberculosis mortality 
rate for 1938 was 48.9 per 100,000, showing a decrease of 4.7 per cent between 
the two years. While the final figure may differ somewhat from the one given 
below, namely, 46.6 per 100,000, the difference will probably be slight. In 
1938, our provisional figure was 48.6 per 100,000 and the official figure published 
later was 48.9. 


New cases reported, deaths and death rates from tuberculosis, by states, 1939 
(Provisional figures as reported by State Departments of Health) 


NEW CASES NUMBER OF CASES PER DEATH RATE 


STATE REPORTED* DEATHS DEATH PER 100,000 


101,470 61, 184** 1.66** 


1,555 
802 
984 

3,906 
661 
591 
151 
568 
921 

1,529 

98 

3,608 

1,412 
479 
424 

Kentucky 1,986 

Louisiana 1,389 
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* A special effort was made to obtain the number of new cases reported exclusive of those 
which have been designated as the “childhood type” of tuberculosis which in some states 
are reportable. The figures here presented are as furnished in accordance with this instruc- 
tion except where otherwise indicated. 

** Total mortality adjusted to include deaths from all forms of tuberculosis in Virginia. 
Ratio of cases to deaths based on total mortality which includes only the pulmonary deaths 
in Virginia. 
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New cases reported, deaths and death rates from tuberculosis, by states, 1939—Concluded 


NEW CASES NUMBER OF CASES PER DEATH RATE 
REPORTED* DEATHS DEATH PER 100,000 


513 259 1.98 29.9 
2,722 1,296 2.10 76.0 
3,285 1,602 2.05 35.7 
6,119 1,881 3.25 38.3 
2,010 807 49 30.0 
1,470 1,086 35 52.7 
2,203 1,821 21 44.9 
239 P 43.4 
219 15.8 

59 56.2 
New Hampshire 131 d 25.6 
New Jersey 1,821 41.3 
New Mexico 392°** 
6,447 49.0 
1,806 ‘ 51.0 

146 ‘ 20.2 
2,946 43.1 
1,062 41.1 

321 ‘ 31.0 
3,966 ‘ 38.4 

265 38.1 

832 ‘ 43.7 

_ 189 26.7 
2,269 ‘ 77.2 
3,942 63.0 

88 16.8 

149 37.8 
1,472t 53.7 

668 39.8 

879 46.5 

858 28.9 

56 23.7 


*** 1938 deaths and rate as reported by State Health Department; 1939 figures not 
available. 

Includes “childhood type” cases. 

t Pulmonary only. (All forms—deaths—1,618 in 1939.) 


TUBERCULOSIS MORBIDITY AND MORTALITY AMONG CANADIAN WAR PENSIONERS 


Tuberculosis has been the leading cause of death among Canadian war 
pensioners from 1918 through 1936 according to a recent report! of the Cana- 
dian Minister of Pensions and Public Health. In all, during these years, there 


1F, S. Burke: Deaths among War Pensioners, 1918-1936, Department of Pensions and 
National Health, Ottawa, Canada, 1939. 
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have been 15,576 deaths of pensioners, 3,607 of which, or 23 per cent, were 
from tuberculosis. The large majority of these tuberculosis deaths were 
classified as due to a service-related condition and in that particular category 
of “deaths due to service” they comprised 39 per cent of the deaths. 

In the group of living Canadian pensioners in March, 1937, numbering 
79,789, tuberculosis was a “‘major’’ disability in 4,710 cases, or about 6 per cent. 


INCREASE IN TUBERCULOSIS BEDS 


In 1939, 3,831 new beds in tuberculosis institutions were completed. Some 
were in new sanatoria and some in additions to old sanatoria. 


TUBERCULOUS INFECTION AND MORTALITY OF CHILDREN IN TUBERCULOUS 
HOUSEHOLDS 


An effort to measure the probability of becoming infected and of dying of 
tuberculosis for children in families where there is an adult case of tuberculosis 
is reported in the January, 1940 American Journal of Hygiene.? Two hundred 
eighty-five families in Baltimore were the basis of the study, nearly evenly 
divided between white and colored. In 202 cases the index case which led to 
the inclusion of these families was an adult known to have pulmonary tubercu- 
losis; in the remaining 83 cases the index case was an infected child. All the 
families ‘‘belong in a definitely ‘poor’ group who from necessity accept free 
medical care from a public dispensary.” 

Altogether there were 1,383 children under fifteen years of age in the 285 
families; 1,224 of them in contact with sputum-positive or fatal cases of tuber- 
culosis, and 159 with cases of tuberculosis either questionable or sputum- 
negative. The child index cases were excluded in this count, but children 
already dead from various causes since the establishment of the family were 
included. 

In general, white and colored children behaved alike in the percentages 
reacting to tuberculin at various ages on their first examination for tubercu- 
losis. In the families where the adult case had positive sputum, 77 per cent of 
the children aged one to fourteen years reacted positively; where the diseased 
adult was thought to be sputum-negative, 45 per cent reacted positively. 

Classified by duration of contact the percentages showed significant increases 
as the duration of exposure increased. Compared with a control group of 
children of about the same economic class, it was found that the risk of infection 
in children under five in families containing a sputum-positive adult case was 


2 Miriam Brailey: A Study of Tuberculous Infection and Mortality in the Children of 
Tuberculous Households, American Journal of Hygiene, 1940, 31, 1. 
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eighteen times greater for white children and eight times greater for colored 
children than in the corresponding control groups. 

The probability of dying from tuberculosis before age twenty after the onset 
of exposure was 8.4 per cent for white children and 25 per cent for colored. 

The highest mortality after contact occurred in infants, the colored babies 
suffering a mortality four to five times greater than the white. 

Throughout the analysis the striking racial differences in mortality at various 
ages is in sharp contrast to the infection risk as measured by the tuberculin 
reaction which is fairly equal in the two races. 


DEVELOPMENT OF TUBERCULOSIS IN INFECTED CHILDREN® 


The Massachusetts school clinics conducted between 1924 and 1934 covered 
some 400,000 school children tuberculin tested and X-rayed. Subsequent 
reéxaminations have continued so that the body of evidence upon which this 
article is based is numerically large. The main object has been to obtain a 
quantitative measurement of the amount of progressive tuberculous disease 
subsequently developing in large groups of children examined in the clinics, 
classified according to various important factors. 

There were two methods of studying the question. First, the reported 
subsequent morbidity and mortality from tuberculosis were checked against the 
group of 400,000 children tested. Over the.thirteen-year period, 1924 to 1936, 
this gave a case rate of 80 per 100,000 and a mortality rate of 25 per 100,000. 
For the reactors alone, comprising nearly 100,000 children, the corresponding 
figures were 189 per 100,000, morbidity rate, and 52 per 100,000, mortality 
rate. The nonreactors gave rates of 43and 16. The case fatality rate for the 
entire group of children tested was 23.9 per cent; for the reactors, 21.6 per cent 
and for the nonreactors, 27.0 per cent. 

The authors conclude, “In spite of the significantly higher morbidity and 
mortality among the children who reacted to the initial tuberculin test, the 
case fatality rate has been slightly higher among cases in children originally 
tuberculin negative. This would appear to cast some doubt on the benign 
character of first infections acquired between the ages 6 and 16.” 

The second series was a selected group of children who did not have pul- 
monary tuberculosis or nontuberculous pulmonary disease on first examination 
and who were reéxamined by X-ray at least once a year or more subsequently. 
The total which satisfied these requirements numbered 19,346 children. Their 
mean age at the beginning of the observation was 11.4 years and the mean 
period of observation was 3.4 years. Among the group who were original 


3 Alton S. Pope, Philip E. Sartwell and David Zacks: Development of Tuberculosis in 
Infected Children, American Journal of Public Health, 1939, 29, 1318. 
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reactors, 153 cases of tuberculosis developed. Among the original nonreactors 
one case of tuberculosis developed. 

By means of the life table method the authors determine differences in 
morbidity according to sex, original reaction, X-ray findings and history of 
exposure. They sum up these variations as follows: 

“Tt will be seen . . . that the incidence of tuberculosis remains at a low level 
up to about the age of 10, after which it rises steadily, and much more rapidly 
in girls than in boys. It is this lag between infection and the development of 
active disease which makes the relationship so difficult to appraise. Many 
children are lost from observation before they reach an age at which they are 
likely to develop tuberculosis, and among those who are followed it is often 
impossible to determine with any certainty the time and degree of any sub- 
sequent exposure. All of our evidence indicates that in school children it is 
the age of the individual rather than the time of exposure or any environmental 
factor which determines the time at which tuberculosis develops. It will also 
be noted that the incidence of tuberculosis is higher among original reactors 
to the tuberculin test than among non-reactors, and significantly higher 
among those whose original X-rays showed evidence of childhood type tuber- 
culosis than among reactors with negative films; and that it is higher in each 
group among contacts than non-contacts.” 
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ANNUAL MEETING OF THE AMERICAN TRUDEAU 
SOCIETY 


The annual meeting of the American Trudeau Society, representing the 
Medical Section of the National Tuberculosis Association, was held at the 
Hotel Statler, Cleveland, Ohio, June 3 to 6, 1940. The attendance at the 
various medical sessions was large and the meeting was one of the most success- 
ful ever held. Meetings of the Council were held June 2 and June 3, and the 
Executive Sessions of the Society on June 3 and June 6. At the election, 
held June 3, new officers were chosen and vacancies in the Council were filled. 
The present incumbents are: 


*Dr. Lewis J. Moorman, Okla., President 

*Dr. Harold G. Trimble, Calif., President-Elect 
*Dr. Victor F. Cullen, Md., Vice-President 

*Dr. Benjamin L. Brock, Ky., Secretary-Treasurer 


Dr. Robinson Bosworth, II. Dr. E. W. Hayes, Calif. 

Dr. Ezra Bridge, N. Y. Dr. D. O. N. Lindberg, Ill. 

Dr. Chesley Bush, Calif. Dr. Paul P. McCain, N. C. 

Dr. Charles P. Cake, D. C. Dr. Alton S. Pope, Mass. 

Dr. H. J. Corper, Colo. *Dr. B. P. Potter, N. J. 

Dr. Bruce H. Douglas, Mich. *Dr. Henry C. Sweany, IIl. 

Dr. M. H. Draper, Ind. Dr. Samuel H. Watson, Ariz. 
Dr. Julius L. Wilson, La. 


* Executive Committee. 


The make-up of committees to serve for the current year follows. 


Committee on Membership 


Dr. Bruce H. Douglas, Chairman 
. William Atmar Smith Dr. Hugh B. Campbell 


Committee on Nominations 


Dr. John B. Barnwell, Chairman 
. Sidney J. Shipman Dr. P. A. Yoder 


Annual Meeting Program Committee (Medical Section) 


Dr. George G. Ornstein, Chairman 
. J. Burns Amberson, Jr. Dr. Richard M. Davison 
. Emil Bogen Dr. David T. Smith 
. H. Frank Carman 
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Committee on Standard Laboratory Procedures 


Dr. Henry C. Sweany, Chairman 
Dr. Emil Bogen Dr. H. S. Willis 
Dr. Max Pinner 


Committee on Educational Literature 


Dr. H. R. Edwards, Chairman 
Dr. E. R. Mariette Dr. James E. Dailey 


Committee for Cooperation with the American Board of Internal Medicine 


Dr. J. Burns Amberson, Jr., Chairman 
Dr. W. H. Oatway, Jr. Dr. L. J. Moorman 


Committee on Medical Section Information 
Dr. John N. Hayes, Chairman 


Dr. Paul H. Ringer Dr. W. G. Childress 
Dr. Philip H. Pierson Dr. R. Kyle Brown 


Committee on X-ray Apparatus and Technique 


Dr. D. O. N. Lindberg, Chairman 
Dr. F. M. McPhedran Dr. Ezra Bridge 
. G. S. Pesquera Dr. William H. Weidman 


Committee on Tuberculosis Sanatorium Standards 


Dr. Fred H. Heise, Chairman 
Dr. M. H. Draper 


. John Alexander 


Joint Committee on Medical Education 


Dr. Chesley Bush Dr. Julius L. Wilson 
Dr. E. W. Hayes 


Joint Committee on Rehabilitation 
Dr. N. Stanley Lincoln Dr. Alexius M. Forster 


The program of medical papers was of a worthy standard and well organized. 
Special features included a joint session with the Administrative Section, and a 
joint session on June 6 with the American Association for Thoracic Surgery. 
The latter, arranged for the first time in the history of the two associations, 
provided a unique opportunity for the exchange of views between members 
interested in special fields. Clinics were given by the members of the staffs 
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of the Cleveland City Hospital and the Lakeside Hospital. These and other 
courtesies were arranged by a local committee with Dr. J. C. Placak as Chair- 
man. About one hundred and twenty-five local physicians attended an even- 
ing session sponsored by the American Trudeau Society. A diagnostic and 
therapeutic conference was held Wednesday evening, under the chairmanship 
of Dr. John B. Barnwell. Drs. James J. Waring, David T. Smith, R. J. 
Erickson and Frank S. Dolley served as members of a panel to conduct the 
discussions of interesting and unusual cases presented by the members. The 
Scientific Exhibit, arranged by a committee with Dr. Raymond C. McKay 
as Chairman, proved to be a constant attraction for the members. 

Election of new members brought the total enrolled above five hundred. The 
Society voted to recognize sections which have been organized as the Eastern 
Section, Michigan Section and California Section of the American Trudeau 
Society. A report of conversations held with representatives of the American 
Academy of Tuberculosis Physicians was presented, and it was anticipated 
that action would be taken by the Academy toward amalgamation of the two 
organizations. 

The Council of the Society voted to publish a roster of members in which 
various items of information will be included. It was also decided to make 
available to members the report of the Committee on Standard Laboratory 
Procedures, in which standard techniques are recommended for certain routine 
tests. This committee was also authorized to serve members of the Society 
in a consulting capacity. 

Formal action was taken to cooperate with the American Board of Internal 
Medicine in recognizing those who have special qualifications in the field of 
tuberculosis. The policy of the American Board of Internal Medicine in 
relation to various sub-specialties is to require certification of candidates in 
the main specialty of Internal Medicine before recognizing formally their 
qualifications in any special field. This principle was acceptable to the Coun- 
cil of the American Trudeau Society. 

The Society formally accepted the proposal of amendments to the Constitu- 
tion which will be acted upon finally at the next annual meeting. The pro- 
posed changes would restrict the membership to physicians, provide for a class 
of active members who will have had five years’ experience in this field, and 
substitute a class of associate members for present junior members. It is 
proposed that members may be elected by the Executive Committee at any 
of its meetings during the year. It is also proposed that geographic sections 
may be organized in units confined to a state, territory or province, or com- 
bination of the same, provided a nucleus of fifteen members of the section shall 
be members of the American Trudeau Society. 

The next annual meeting will be held in San Antonio, Texas, on May 5, 
6, 7 and 8, 1941. 


ANNOUNCEMENT OF A STUDY TO EVALUATE ORIGINAL 
SEROLOGICAL TESTS FOR SYPHILIS 


More than five years ago the Committee on Evaluation of Serodiagnostic 
Tests for Syphilis, in codperation with the United States Public Health Serv- 
ice, conducted a study to evaluate original serological tests for syphilis or 
modifications thereof in the United States. The results of this study were 
published shortly after the investigation was completed.! 


Consideration is now being given by the Committee to the organization of a 
second evaluation study of original serological tests for syphilis or modifications 
thereof within the next year. If the need for an investigation of this kind 
seems to justify the cost, invitations will be extended to the authors of such 
serological tests who reside in the United States, or who may be able to partici- 
pate by the designation of a serologist who will represent them in this country. 
The second evaluation study will be conducted utilizing methods comparable 
to those employed in the first study.? 


Serologists who have an original serological test for syphilis or an original 
modification thereof and who desire to participate in the second evaluation 
study should submit their applications not later than October 1, 1940. The 
applications must be accompanied by a complete description of the technique 
of the author’s serological test or modification. All correspondence should 
be directed to the Surgeon General, United States Public Health Service, 
Washington, D. C. 


1Ven. Dis. Inform., Washington, June, 1935, 16, 189. 
J. A.M. A., Chicago, June 8, 1935, 104, 2083. 
2J.A.M.A., Chicago, December 1, 1934, 103, 1705. 
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FOREWORD 


In the following pages results of anatomical studies on tuberculosis in 
man are reported, which were carried out during the last eight years. 
Some of these have been briefly discussed already at recent meetings of 
the Association of American Pathologists and Bacteriologists and of the 
Buffalo Pathological Society. Except for a few condensed abstracts in 
the proceedings of those meetings, however, the various results of our 
systematic study will be presented here for the first time in some detail. 
The following twelve papers contained in this volume have been arranged 
in relation to those questions which stand out foremost in the minds of 
pathologists interested in tuberculous lesions in children and adults. 
Several papers on some more specific features of tuberculous lesions in 
adults will be added in the near future. These will be published indi- 
vidually in close succession in the AMERICAN REVIEW OF TUBERCULOSIS. 

The abundance of material presented in some of the papers included 
in this volume forced me to forego a detailed description of many most 
interesting histological features. Quite reluctantly I had to turn to 
rather comprehensive discussion of the histological findings of many 
individual lesions. I tried to compensate for these restrictions, so 
painful to a morphologist, by more liberal use of charts and photographs. 

The histological technical work of this study, including countless 
slides of individual lesions and thousands of serial sections, was carried 
out by Mr. James Valley, Miss Helen Sanderson, and Mrs. Marguerite 
Leslie. The roentgenological photographs were prepared in the X-ray 
department of the Buffalo General Hospital by Doctor Koenig and his 
staff, including Doctor Scatchard, Doctor Eschner and Miss Kuhn. 
Charts, drawings and photographs are all the work of the indefatigable 
artist of my department, Mr. Melford Diedrick. In the arrangement of 
material on the specific topics for publication invaluable help was given 
by Miss Elizabeth Hyde. My associate, Doctor Sanes, and my former 
residents, Doctors Kenny, Ryerson, Javert, Milch, Alford, Holley, and 
MacCallum gladly consented to such restrictions in the routine postmortem 
performances as the method of this anatomical study necessitated. To 
all I wish to extend my thanks for their generous coéperation. 

Different circumstances, including illness, are the cause for consider- 

3 


4 ANATOMICAL STUDIES ON TUBERCULOSIS 


able delay in concluding this study. I had hoped to complete most of 
it while Doctor Ghon was still alive. As he died several years ago, this 
work, which I feel was inspired by many years of close association with 
him in the venerable German Pathological Institute in Prague, is dedi- 
cated to the memory of my beloved teacher, Anton Ghon. 
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I. NOMENCLATURE AND ANATOMICAL METHODS 


It is unquestionably a great responsibility to add to the literature on 

the pathological anatomy of tuberculosis a series of several more papers. 
This responsibility is felt the deeper as, until less than eight years ago, 
it was not our intention to engage in any systematic study of tuberculosis. 
In the laboratory of Doctor Ghon, with whom I had worked in close 
association for eleven years, the prompt dissection of the primary com- 
plex was a routine postmortem procedure with which every voluntary 
assistant had to acquaint himself from the beginning of his training. 
At the time when I left Prague for this country, our knowledge of pri- 
mary tuberculosis seemed to be well established by almost daily ex- 
perience and based on such classic works as those of Kuess and the 
monograph of Ghon on the primary pulmonary focus in tuberculosis of 
children. It was well known at that time that the law of Parrot, which 
had been demonstrated so excellently by Kuess (1) and Ghon (2), was 
observed, not only in primary tuberculosis of the lungs, but also in all 
the so-called extrapulmonary first infections. It had become an almost 
religious dogma that first infection with tubercle bacilli in man acis 
always in the same manner regardless of the portal of entry: it always 
produces a focal lesion from which the infection is carried forth to the 
lymph nodes draining the area. This had been demonstrated in many 
hundreds of cases of primary pulmonary lesions; by Ghon and his 
associates (3, 4, 5, 6) also in intestinal tuberculosis; and in such unusual 
localizations of first tuberculous infection as the middle ear, the tonsils, 
the nasal passages and the conjunctiva. 

Opinions as to the pathogenesis of postprimary tuberculosis, however, 
differed considerably at that time, and it would seem that even to-day 
this problem is still unsolved in spite of much work done in clinical, 
anatomical and experimental fields. If attempts were made by well 
experienced investigators to look in a somewhat arbitrary manner for 
only one way to explain the development of postprimary tuberculosis in 
an individual already infected, it should be emphasized that this was not 
the custom in Doctor Ghon’s institute. While Ghon did most of the 
original work on the so-called lymphoglandular endogenous exacerba- 
tion, he has shown in the paper published with Kreider and Kudlich (7), 
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which deals with several observations on so-called tuberculous reinfec- 
tion, that in each case the pathway of the postprimary infection has to 
be studied individually. In these cases sometimes only the indirect 
proof was possible: by ruling out definitely certain ways of progression, 
for instance the haematogenous route. In such cases then pulmonary 
tuberculosis was considered as an effect of exogenous infection—super- 
infection or true reinfection as the case might be. 

The present anatomical and pathogenetic studies on human tubercu- 
losis were greatly influenced by the type of postmortem material I 
have found in this country. Fatal childhood tuberculosis and the in- 
cidental finding of scars from tuberculosis were much less frequent than 
I had seen in Prague. In addition, in some individuals dying from a 
variety of causes, observations were made on anatomical types of so- 
called tuberculous reinfection, and these could not be reconciled with 
the accepted theories in many cases. Morphological studies on human 
tuberculosis have been more or less neglected in the last ten years. Yet, 
to the broad advances of our knowledge which have been made in the 
fields of bacteriology, biochemistry, epidemiology and roentgenology 
we owe added effort in anatomical research in tuberculosis. It will be 
shown that incidental findings of healed complexes in children have a 
great significance, especially if it is learned that these children, while 
alive, had shown negative tuberculin reactions. To clinicians the 
limitations of X-ray diagnosis will become apparent, or the dangers of 
error, if, for instance, every calcified lesion is interpreted as a primary 
tubercle. To the morphologist who is using X-ray photographs of post- 
mortem lungs and then checks the findings by histological examination 
it is amazing with what ease quite specific X-ray diagnosis of clinical 
tuberculosis in terms of first and reinfection has been made by some 
writers. And these are but a few of many specific instances which stress 
the importance of a comprehensive morphological control. 

If at the present time there exists some confusion in the more recent . 
American literature on tuberculosis as to the meaning of such terms as 
primary infection and reinfection, it is only because they are not used in 
their strict sense. Terms such as primary focus or primary complex or 
true reinfection had been adopted only after most meticulous anatomical 
studies. They are, however, just at the present, sometimes so utterly 
misused that all those who do not stand firmly on morphological grounds 
are exposed to the greatest confusion. And unfortunately most readers 
of papers on tuberculosis are not sufficiently protected against these ill 
effects of loose terminology by a critical anatomical knowledge. 
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It is the intention of this paper to reaffirm the termini mentioned above 

in their original sense. A primary focus is the structural change or reac- 
tion of the tissue brought about by the tubercle bacillus at the site of the first 
recognizable localization. This is usually, but not always, in the par- 
enchyma of the lung. The primary focus in the lung has been also called 
Ghon focus, especially in the English speaking countries. From this 
definition it is evident that the term primary focus ‘never should be used 
for tuberculous lesions in lymph nodes. The very’ recent American 
literature on tuberculosis contains many references to primary tubercles 
in lymph nodes. Primary foci in the recent and healed stages have been 
seen in sufficient numbers in extrapulmonary lesions, especially in the 
small intestine, but also in less common localizations. From the most 
careful observations in the literature, from the large material in the 
service of Doctor Ghon, and from my own experience, it appears that 
there is always a primary focal lesion in human tuberculosis. If time 
and again foci are not found, this is by no means a proof that they were 
not present—most probably they were in a state which was hardly 
recognizable from casual anatomical examination. Cases, in which by 
the most thorough search a primary focus cannot be found, should be 
considered as exceptions of rarest nature, and thus of little practical 
significance. That the primary focus can be most minute has been shown 
by Ghon and Reymann (8). We therefore cannot accept Huebsch- 
mann’s (9) statements that “it is not so unusual that a primary lymph 
node tuberculosis is seen without a parenchymal focus; that so-called 
cryptogenetic infections alone can explain certain cases in childhood 
tuberculosis, in which, for instance, the bony system is involved, but no 
primary complex found in the lung or elsewhere.” Such misleading 
conclusions based on theory are not verified by sufficiently controlled 
anatomical facts. 

The term primary complex should be used as originally applied by 
Ranke (10): it comprises the primary focus and the tuberculous lesions in 
the lymph nodes in close topographical relation to the focus. It usually 
includes one or more of the bronchopulmonary, mediastinal and tracheo- 
bronchial lymph nodes, sometimes also smaller intrapulmonary lymph 
nodules, draining the area of the primary focus. Naturally, in primary 
progressive tuberculosis the complex may extend through the entire 
chain of bronchomediastinal lymph nodes, even including those in the 
venous angle. 

If we bear in mind that. in the primary complex tubercle bacilli are 
carried into the lymph nodes from the focus already established, how- 
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ever small this might be, and that the caseation of the lymph nodes is 
always then secondary, weak terms like “isolated cervical” or “head 
primary” (Sweany (11)) indicate that the true primary focus was not 
looked for or else was not found in dissection. Likewise, X-ray evidence 
of calcification in cervical or mesenteric nodes found in routine examina- 
tions of children by Allison and Medelmann (12) is not sufficient proof 
that these form part of the primary complex. The same criticism must 
be applied to X-ray diagnosis of primary tuberculosis merely on the 
basis of calcified shadows, as done by Crimm and Strayer’(13). Calci- 
fication is not an absolute criterion of first tuberculous infection in any 
age group. 

In speaking of tuberculous lesions, which obviously are not those of a 
typical primary complex as described above, and of such tuberculous 
changes, which develop in immediate connection with the components 
of the complex in its active state, we prefer the term postprimary tu- 
berculosis as the most exact, especially in such cases where older cica- 
trized remnants of the primary complex can be easily demonstrated. 
As it will be shown in this study, a more precise diagnosis as to the 
pathogenesis of postprimary lesions in the lungs involves usually a 
most detailed anatomical examination and, even then, it might be im- 
possible to determine the pathway unequivocally. 

The term reinfection is used in the present study only in its strictest 
sense. It means a new infection with tubercle bacilli from without and 
excludes any formal-genetic relationship to the primary infection. A 
few investigators restrict the term reinfection to such cases where any 
former infection, which usually is a single one, has been completely 
healed anatomically and biologically. We prefer to use the term rein- 
fection in all those cases in which all anatomical evidence points to a new 
infection from without in the presence of a healing or an actually healed 
older lesion. If the term superinfection is used, it should be limited to 
such instances where an additional infection from without can be proved 
in an individual which still harbors an active tuberculous lesion. True 
reinfection and superinfection, therefore, are always new infections from 
without. The term endogenous reinfection we feel should be com- 
pletely abandoned. It has been used to describe cases suggesting local 
recurrence or reactivation of an older, clinically usually quiescent 
process (with or without evidence of further lymphatic, haematogenous 
or intrabronchial spread). The term endogenous exacerbation appears 
more correct and should be especially used with regard to the reactiva- 
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tion and spreading from tuberculous lymph node lesions in older com- 
plexes. 

The terms superinfection and reinfection therefore cannot be applied 
to any recurrence of or reactivation of a tuberculous process from an 
endogenous source and certainly not at all for acute phases of haematog- 
enous or intrabronchial dissemination in connection with an active 
primary complex. These, as generally known, are part of the picture of 
progressive primary tuberculosis of the lungs or intestines, especially in 
children and young adults, of rather recent duration, frequently not 
older than one or two months. We never should speak of them as acute 
forms of “reinfection” type of tuberculosis as Myers (14) does in re- 
ferring to tuberculous meningitis, miliary tuberculosis and tuberculous 
pneumonia. Only such incorrect use of the word “reinfection” explains 
these misstatements: “The first infection type is rarely, if ever, fatal;”’ 
“the immediate prognosis of tuberculosis of the first infection type 
among children and young adults is excellent regardless of treatment;’’ 
“the vast majority of infants have reinfection type of tuberculosis.” 
Secondary complications of a primary tuberculous pneumonia or bron- 
chogenic and haematogenous spread are wrongly spoken of as endogenous 
superinfection or reinfection. 

The term reinfection was and is widely used here and abroad to desig- 
nate a new clinical manifestation, or anatomical lesion of tuberculosis in 
an individual with evidence of an older first lesion. Loose as this custom 
might have been, it anticipates a free interval of considerable duration 
between the time of the first infection and the second manifestation of 
tuberculosis regardless of whether this so-called reinfection was “endo- 
genous” or “exogenous.”” Myers (14, 15) considers the establishment of 
the sensitivity to tuberculin as the criterion of reinfection. The de- 
velopment of sensitivity to tuberculin should not be made the dividing 
line between primary infection and reinfection, as this sensitivity de- 
velops soon after the first infection takes place; that is to say in an early 
stage of the period in which the primary complex is formed. Besides, 
the compatability of the terms “tuberculin sensitivity” and “first” 
and “reinfection” seems highly questionable in this connection. Opie 
(16) also has called attention to the fact that anatomical observations 
more than immunological states have formed the basis for differentiation 
between the type of first infection (so-called childhood type) and rein- 
fection (so-called adult type). It has been found inadvisable by Pinner 
(17), Rodriguez Pastor (18), and others to retain the terms ‘‘childhood 
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type” and “adult type.” We always have abstained from these termini, 
which were so widely used by Opie and many others, and which have 
dominated the teaching of tuberculosis in the English speaking countries 
in recent years. Clinical and anatomical experience have shown that 
there are quite different varieties of tuberculosis in children and adults. 
In addition, it is becoming more and more evident that tuberculosis is 
not necessarily acquired during childhood at all, and that tuberculosis 
in adults may very well show the striking lesions of first infection. 
On the other hand, even a limited anatomical material might reveal a 
combination of tuberculous lesions, especially in the lungs of children 
who have died from tuberculosis, which present the picture as frequently 
seen in adults; that is, entirely different from the early haematogenous 
generalization originating in an active complex. We therefore agree 
with Pinner, Miller (19) and others that dropping of these terms “‘child- 
hood type” and “adult type” would serve a better understanding of the 
pathogenesis of tuberculosis. The work which will be presented here 
will furnish additional evidence that the so-called “primary” type is 
frequently observed in adults, and that the so-called “adult’”’ type is not 
necessarily the effect of “‘reinfection.”’ 

How mandatory it is to apply the term reinfection in the strict sense, 
is evident from one of Lee Forrest Hill’s critical reviews on tuberculosis 
in children. Hill (20) has included in this review a paper by Sanes and 
Kenny (21) from our laboratories on a primary tension cavity in an eleven 
months old infant. This case is one of the clearest anatomical examples 
of a primary cavity in which the primary focus had been transformed into 
a huge cavity; in connection with this cavity recent bronchogenic dis- 
semination had occurred. This huge cavity and the tuberculous lesions 
in the lymph nodes regional to the cavity formed a typical tuberculous 
complex in an acute stage. This can be explained only by a progressive 
primary infection. Hill however claims that it is more likely that the 
cavity has resulted from endogenous reinfection. If in a critical review 
on tuberculosis so little discernment is shown in applying anatomical terms 
properly, we hardly should be surprised about the confusion which has 
resulted from the varied use of the terms “endogenous” and “exogenous 
reinfection.” 

For any anatomical study of tuberculosis in man the methods em- 
ployed cannot be thorough enough. They not only have to include 
very minute dissection with special regard to the lymphatic system and 
roentgen-ray photographs, but also histological examination of all lesions 
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‘ound by X-ray examination and dissection. This is an easy task in 
cases with few lesions but not so in advanced stages of chronic pulmonary 
tuberculosis or in cases where multiple healed lesions are found incident- 
ally. The examination of most of the cases in our study was done with 
the specific aim in mind to learn more about the pathogenesis of tu- 
berculosis in its individually so different lesions: the relation of postpri- 
mary to primary lesions, if these latter can be recognized, and the study 
of their anatomical types. I have tried to unburden myself of any 
dogmatic belief, knowing that there might be exceptions to the law of 
Parrot, and I did not try to correlate my findings with theories derived 
from animal experiments, which in the past have been used too readily 
to explain very different disease processes in general immunological 
terms. I have not postulated that in each stage of the tuberculous 
process exists a corresponding phase of the immunological (“allergic” 
in the strict sense) state (Ranke). Roessle in a recent paper (22) 
dedicated to Ghon’s seventieth birthday refers to “beautiful guirlands 
of allergic hypotheses,” and he warns against the belief in any parallelisms 
between clinical and anatomical findings with immunobiological theories, 
also against any attempts to differentiate certain stages in the tuber- 
culous process on this basis. While fortunately the entire theory of 
Ranke has found few if any absolute followers in this country, we have 
shown above that immunological considerations improperly applied had 
a most harmful effect on the nomenclature with regard to the term 
reinfection. 

Our material consists of 698 autopsies on children between the age 
of five weeks and eighteen years, and 289 autopsies on adults of all age 
groups from the eighteenth to the ninetieth year. Among this latter 
group a relatively small percentage are cases with chronic pulmonary 
tuberculosis as the cause of death. Many of these were not used for 
detailed examination, because the lesions in the lungs were too extensive 
to serve as proper material for pathogenetic studies. On the other hand, 
incidental findings in cases that did not die from tuberculosis have proved 
a most useful material in this study. These lesions are usually much 
less extensive. It is easier to discover the ways along which they have 
developed or spread. Especially in these cases the combination of X-ray 
photographs with ad hoc anatomical dissection and complete histological 
control of all lesions will frequently yield surprising results which neither 
dissection alone nor X-ray studies alone have yielded in the past. Ma- 
terial from routine autopsies not examined by most meticulous anatomi- 
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cal dissection is practically valueless for pathogenetic study. Most 
careful anatomical observation and dissections should be conditio sine 
qua non in any study on human tuberculosis. 

The X-ray photographs of the lungs were taken, as a rule, on the un- 
dissected specimen in connection with the tracheobronchial tree and all 
the bronchomediastinal lymph nodes. Oecsophagus, heart and aorta 
were first separated from the lungs, special care being taken not to 
remove any bronchomediastinal lymph nodes. The lungs were neither 
inflated nor injected with any fixative for the X-ray photograph; they 
were simply in their postmortal state which they attain after the opening 
of the thorax. Under X-ray control all lobes and lymph nodes were 
carefully examined and especially searched for shadow-giving lesions. 
With few exceptions this anatomical examination was done on the fresh 
specimen. After the original X-ray film was taken each lobe was cut 
in very thin parallel sheets of an average thickness of 2mm. In finding 
most minute calcified lesions, palpation by the finger without gloves 
proved more successful. Slight differences in consistence of lung tissue 
and small focal lesions could be distinguished far better by direct touch. 
Rarely additional X-ray pictures had to be taken of these thin sheets in 
order to detect minute, nonpalpable calcified lesions. This entire gross 
examination is naturally a most time consuming task. It took some- 
times several hours to complete successfully the anatomical search of one 
lung specimen; sometimes one or two or even more days. ‘This gross 
serial sectioning in thin sheets was done regardless of the X-ray findings, 
especially in negative cases. This method has yielded in a few instances 
more recent single primary lesions which were not visible in the roentgen 
picture, or which had not been expected grossly, as the lymph nodes were 
entirely negative. In routine autopsies, pathologists apparently feel 
satisfied when they detect a caseated or calcified complex; it is then 
assumed that this is the typical lesion, and that there is no need for 
further dissection. Moreover, in interpreting X-ray photographs of 
postmortem lungs, every small lesion giving a dense whitish shadow has 
been called a calcified tubercle, and this, as will be shown, can be proved 
only by histological control. 


SUMMARY 


The necessity of controlled anatomical research is stressed in an at- 
tempt to arrive at a better understanding of actual tuberculous lesions 
in children and adults and of the pathogenesis of such lesions. They 
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represent, especially if found incidentally in men who did not die of the 
tuberculous disease, a relatively clean material in regard to the study of 
primary and postprimary tuberculous lesions. Terms most frequently 
applied to different phases of the tuberculous process in men are redefined 
in their original sense in contrast to their sometimes rather loose or in- 
correct use in the current literature on tuberculosis. The methods 
adopted in this study, including the postmortem material of 698 children 
and 289 adults, are presented. They consist of a combination of the 
most detailed radiological studies of undissected specimens, followed by 
anatomical dissection and complete histological analysis of the lesions 
found. The importance of careful investigation of each individual case 
is stressed, the results of which frequently appear at some variance with 
our present day teaching in tuberculosis hospitals and in the class rooms 
of medical schools. 
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II. INCIDENCE AND ANATOMICAL TYPES OF 
TUBERCULOSIS IN CHILDREN 


Conclusive evidence of the incidence of tuberculosis among children 
and adults rests entirely on careful postmortem work. As the more 
recent literature hardly contains any figures in this respect, we are 
presenting our figures in the following table. 


NUMBER OF NUMBER OF | PERCENT OF 
AGE GROUPINGS AUTOPSIES POSITIVES POSITIVES 


345 10 3.4 
97 10 9.7 
2 years 144 15 
6 years 40 7 
10 years 40 8 
14 years 32 7 


5 weeks 586 35 
113 22 


The percentage of positives in this table does not appreciably differ from 
the figures obtained six years ago on a much smaller material in chil- 
dren (1). 

It is well known that tuberculin testing done on a large scale in differ- 
ent parts of the United States especially in the Eastern and some Mid- 
western States has yielded much lower figures of positive reactors than 
would have been expected from those of Opie observed in St. Louis and 
Philadelphia or from those of Hamburger in Vienna. Among children 
in the school age, the unexpectedly large percentage of negative reactors, 
which varied between 70 and 90, if rural districts were included, influ- 
enced considerably our conceptions as to the time of first infection with 
the tubercle bacillus, which in the past was mostly based on figures 
obtained in large cities with a dense population. In the last years, 
however, the number of positive reactors among children has been found 
distinctly smaller also in large cities, as for instance Prague (2), than it 
was in the years before and shortly after the World War, especially from 
the postmortem material examined by Ghon in Prague and that from 
Vienna. Pagel (3) found by compiling postmortem statistics from 

14 


5.9 
19.4 


TUBERCULOSIS IN CHILDREN 15 


different pathological institutes in Germany that 58 per cent of children 
and young adults (below eighteen years) showed anatomical evidence of 
having been infected with tuberculosis. As we stated in our first paper, 
we are of the belief that these and other figures are not representative 
of the accurate incidence—many appear not sufficiently controlled by 
all means of anatomical investigation, especially X-ray photographs. 
Only such material as has been examined uniformly with the specific 
aim to determine the incidence of anatomical tuberculous lesions should 
be relied upon, and of this we have little if any. By most clinicians and 
pathologists, it was taken for granted that lesions of first tuberculosis 
are acquired during childhood. It is questionable whether such general- 
izations as to the time and number were justified, as systemic studies on 
carefully controlled negative cases were, for the most part, completely 
absent in the past. 

At the same time, it is well to remember that positive figures obtained 
by tuberculin testing in children and young adults do not necessarily 
indicate exactly the number of those harboring lesions due to infection 
with tubercle bacilli. As we have stressed repeatedly in the past (4, 5, 6), 
complete healing of tuberculosis can be followed by disappearance of the 
former positive tuberculin reaction. Therefore, figures obtained with 
tuberculin tests indicate only the lowest possible incidence of individuals 
actually once infected. It has been shown recently that some negative 
reactors show radiological evidence of healed tuberculous lesions. Of 
course, anatomical evidence is much more reliable in this respect and of 
that we have but little. 

We shall now deal with the anatomical lesions of tuberculosis in 57 
children. Of these, in 35 cases death was caused by the tuberculous 
disease. With two exceptions in all of these cases the tuberculous 
process started in a primary pulmonary focus. These two exceptions 
were a four weeks old infant who died from congenital tuberculosis and 
a young child with primary intestinal tuberculosis. Among the 34 cases 
of fatal tuberculosis, primary intestinal infection was therefore present 
in only one instance (2.8 per cent). Tuberculosis was an incidental 
finding in 22 cases, of which in 3 instances (13.6 per cent) the anatomical 
findings pointed to the small intestine as the portal of entry of the first 
infection. All the remaining cases showed findings pointing to primary 
pulmonary infection. If we combine our figures from both groups, a 
total of 56 cases, the incidence of primary pulmonary tuberculosis is 
nearly 93 per cent as compared with 7 per cent (4 cases) of anatomical 
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findings pointing to the small intestine as the portal of entry of the 
tuberculous infection. The cases in which tuberculosis was the cause 
of death can be arranged as follows: 


A: Primary caseated complex in lung and bronchomediastinal lymph 
nodes with haematogenous dissemination 23 
B: Primary caseated complex, intrabronchial and haematogenous dis- 
semination 3 
C: Primary caseated complex and almost exclusively intrabronchial 
spread 3 
D: Postprimary chronic pulmonary tuberculosis with haematogenous 
dissemination 2 
E: Acute congenital tuberculosis 1 
F: Primary acute intestinal tuberculosis 1 
G: Selective haematogenous dissemination, especially to the leptomeninx, 
in connection with typical lymphoglandular exacerbation 1 (and 2 of A) 
H. True reinfection, with caseated complex of reinfection and haema- 
togenous dissemination 1 


The cases in which tuberculosis was an incidental finding can be arranged 
as follows: 


I: Primary caseated complex in active stage with isolated haematogenous 
tubercles 

J: Primary fibrous cheesy complex (closed) 

K: Primary calcified complex with single or double pulmonary Ghon focus 
L: Primary calcified pulmonary focus without lymph node changes 
(serial histological sections) 

M: Primary multiple cheesy fibrous foci in different lobes, without 
changes in bronchomediastinal lymph nodes (serial histological sections) 
N: Calcified mesenteric lymph nodes (in one case with calcified focus in 
lung) 

O: Calcified complex with intrabronchial localization of primary focus and 
additional calcified lesions with collapse induration 


If the incidence of tuberculous lesions in this material is much lower 
than in the postmortem statistics quoted above (Pagel, Schuermann) 
and is more in keeping with the percentage of tuberculin positive reactors 
in nonmetropolitan centres of this country, it should be emphasized that 
the percentage of fatal cases in this series (about 60 per cent) appears 
unusually high, but we cannot find comparative figures in this respect. 

Location, size, anatomical type of the primary focus; the regional 
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lymph nodes forming the primary complex, their extension and intra- 
bronchial progression have been schematically charted on an imaginary 
plane through the lungs in plates 1, 2 and 3. Extent and intensity of 
haematogenous dissemination especially to the lungs, leptomeninx, liver, 
spleen and kidneys are seen in condensed form on table 1 comprising all 
29 cases of the groups A, Band C. This table also indicates once more 
lesions in lungs, tonsils and intestinal tract following intracanalicular 
spread (intrabronchial extension to different parts of the lungs, to the 
larynx, tonsils, and—by deglutition—to the intestinal tract). In the 
discussion of some of our findings below we follow consciously the work 
of Ghon on the primary pulmonary focus in childhood tuberculosis. 


A. CASES WITH A CASEATED PRIMARY PULMONARY COMPLEX WITH 
HAEMATOGENOUS DISSEMINATION 


(Plates 1 and 2) 


The size of the primary focus varies between that of a small pea and 
a walnut as can be seen from the scheme on the tables. In only one 
case was it the size of a small lentil. In two instances the primary focus 
was calcified or in a chalky state. In all others it was still caseated or of 
firm compact cheesy-fibrous consistence. 


Localized spread around the primary focus had occurred in 2 cases of 
this series. Two other cases presented a large, not distinctly outlined, 
compact, pneumonic area, one in the right middle lobe, in the other case 
in the right upper lobe, almost lobar in appearance, in one case involving 
more than two-thirds of the lobe. 

Four cases of this series showed cavity formation within the primary 
focus. Three of the foci were cherry sized; the fourth, the large pneu- 
monic area mentioned above, had a cherry sized cavity in its centre. 
Only one focus was completely replaced by the cavity, while in the other 
2 it was about the size of a hazelnut. In spite of the cavitation, no 
recent intrabronchial spread was noticed in 3 of these cases. In one 
additional case a patent bronchiole could be recognized in the centre of a 
large bean-sized focus, but without evidence of further intrabronchial 
spread. 

Among the 23 cases included in this series, in 19 there was a single focus 
and in 3 there were two foci, very close to each other. It seemed that 
the more peripheral of these was the real primary focus, while the focus 
in the medial position, about 1 cm. apart, was distinctly smaller. In 
one instance already the gross evidence was distinctly in favor of a 
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secondary intrabronchial extension, as this focus appeared not so defi- 
nitely outlined. Only in one case there were more than two foci (three 
or four) in different parts of the left lung, all near the interlobar area of 
both lobes of the left lung. (See drawing 23 on plate 2.) Two of these 
foci had a firm chalky centre while two others were firmly caseated. In 
addition, apart from the areas with these foci, distinct evidence of intra- 
bronchial caseated tuberculosis was found near the mediastinal border 
of the upper lobe. It appeared likely that all these caseated foci were 
not primary in the strict sense but rather secondary to the Ghon foci 
with the chalky centre. Two of these caseated foci had developed within 
the lumen of a small bronchus. One of them was very close to one chalky 
focus. We feel that intrabronchial spread of tubercle bacilli from the 
Ghon focus while they were still in an active state previous to precipita- 
tion with chalky material is responsible for these additional caseated foci 
rather than real superinfection from without. 

A somewhat similar finding is present in case 22 (see drawing 22, 
plate 2). In this case of a fourteen year old boy the typical picture of 
a recent caseated complex was found with the primary focus in the left 
lower lobe (figure 1) and extensive caseation of the entire lymph node 
chain extending into the venous angle on the left side with overwhelming 
miliary tuberculosis. In addition, near the basis of the right lower lobe 
a second focus was found of about the same size as the primary focus, 
with beginning encapsulation (figure 2). All the lymph nodes regional 
to this focus were negative. The focus contained very many tubercle 
bacilli within its caseated substance while no tubercle bacilli were found 
in the primary focus in several sections examined. The primary focus 
in the left lower lobe appeared more firmly encapsulated than the focus 
in the right lower lobe. Again we feel that this more recent focus in the 
right lung is secondary and might have been formed following direct 
intrabronchial extension (aspiration) from the primary focus before it 
became firmly encapsulated. 

We intend to present much more material with findings in adults 
similar to these few observations in children in which only one or a few 
additional foci are seen apart from the primary focus with the typical 
changes in its regional lymph nodes. As the lymph nodes draining the 
areas of these additional foci, especially if found in other lobes or in the 
opposite lung, far apart from the Ghon focus, are entirely negative in 
these cases, we cannot consider these foci as simultaneous effects of the 
same primary infection in spite of the fact that their histological structure 
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might not differ from that of the primary focus. This applies especially 
to their less active states and even more so to the older phases of advanced 
organization including calcification. Although localized superinfection 


Fic. 1 (upper left) Fic. 2 (upper right) 
Fic. 3 (lower left) Fic. 4 (lower right) 


cannot be ruled out (on theoretical grounds) our material seems to 
support the view that this “focal extension” from the primary focus in 
its active phase, producing one or more additional foci of similar size 
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and structure like that of the Ghon focus, does occur not only within 
the areas close to the primary focus but also to more distant parts of 
the lungs including the subapical fields. In this respect the findings in 
the 2 cases cited above (see drawings 22 and 23, plate 2) are of more than 
casual interest. They will be more fully discussed in one of the following 
papers on so-called ‘‘focal extension.”’ 

The site of the primary foci was as follows: right upper lobe, 6; right 
middle lobe, 5; right lower lobe, 1; left upper lobe, 4; left lower lobe, 8 
cases. The apex of the upper lobes was in no case the site of the primary 
focus. Closest approach to the apex was about 1.5 cm. and this focus 
was very near the mediastinal surface. All the other foci found in the 
upper parts of either upper lobe were 3 cm. or more away from the real 
apex. Age apparently did not have any relationship to the localization 
of the primary foci in this series; the foci found in the 3 older children 
(fourteen years) showed the same variety of localization as those found 
in infants and small children. Foci in these older children were found 
in the middle third of the right upper lobe; lower half of left lower lobe; 
inferior margin of right middle lobe. 

In the great majority of our 23 cases the primary focus was found in 
a more or less firmly caseated state, occasionally (as in drawing 2, plate 1) 
in distinct fibrous encapsulation. Only in 3 cases of this series (see 
drawings 20, 21, 23, plate 2) the primary focus or foci had a distinct 
chalky centre (as in cases 20 and 23) or they were completely calcified 
(as in case 21). The lymph nodes closest to these foci showed also 
distinct calcification in their centre (drawing 21) or chalky changes 
(drawing 20). The more distant regional groups showed marked casea- 
tion and recent tuberculous hyperplasia extending, in case 21, into the 
angulus lymph node on the same side; in case 20, only into the nearby 
lower tracheobronchial lymph node. In this case marked cavitation was 
found in the centre of the caseated node but no further extension to the 
upper tracheobronchial lymph nodes was noted. In the third case 
(drawing 23) there was some discrepancy found in the degree of chalky 
changes and calcification within the bronchomediastinal lymph nodes 
at both sides of the trachea. Of the five small foci near the interlobar 
fissure in the left lung, three had a very distinct chalky calcified centre. 
The lymph nodes closest to this area however, namely, the broncho- 
pulmonary and lower and upper tracheobronchial group on the left side, 
showed only extensive caseation while central calcification was found in 
one right paratracheal and in one lymph node in the right venous angle 
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(see drawing 23, plate 2). As unfortunately it was omitted in this case 
to take an X-ray photograph of the lungs we must refrain from any 
discussion of these findings. We certainly do not know whether one 
older minute calcified lesion in the right lung might not have been 
present, but missed due to incomplete anatomical search. 

In all 23 cases haematogenous dissemination apparently had followed 
lymphogenic extension within the primary complex. All, except 3, were 
cases of so-called early generalization in connection with a progressive 
caseated complex. 

It is of interest to see in what manner the lymph nodes were involved; 
whether or not the complex changes had continued into lymph nodes of 
the venous angle; whether they remained restricted regional to the focus; 
and whether or not crossing had occurred. In all of these cases, except 
2, caseation was noted grossly along the entire chain including one or 
more lymph nodes in the venous angle on one or both sides. Crossing 
to the other side with involvement of some, or even all, of the broncho- 
mediastinal lymph nodes (lower and upper tracheobronchial, paratracheal 
and angulus nodes) was seen in 6 cases; in 5 of these the lymph nodes in 
both venous angles were involved. In only one case was the process 
restricted to the lower and upper tracheobronchial lymph nodes on the 
opposite side, while the side of the focus showed complete caseation, 
including the venous angle nodes. Extension of caseation to lymph 
nodes not regional to the primary focus was seen in 2 cases: in both, the 
primary focus was in the upper third of the right upper lobe. Caseation 
had extended to the right lower tracheobronchial lymph nodes in one 
and had crossed to all upper and lower tracheobronchial lymph nodes in 
the other (including the nodes in the pulmonary ligament on the opposite 
(left) side). In 2 other cases, crossing was restricted to paratracheal 
and nodes in the venous angle. But here, too, the extension on the left 
side of the focus was complete. In one case (see drawing 11, plate 1) the 
lymphogenic extension had involved completely the opposite (right) side, 
including upper tracheobronchial, paratracheal and angulus lymph 
nodes, while the primary focus was in the upper third of the left lower 
lobe, and caseation was slight and restricted to the regional broncho- 
pulmonary lymph nodes at the hilum of the left lung. The gross picture 
with impressive chalky cheesy changes in the tracheobronchial lymph 
nodes on the right side was at first entirely deceiving as to the site of the 
primary focus (figure 3). 

The tuberculous lymph node changes were complete throughout the 


{ 
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entire chain including angulus nodes, except in 2 cases. In one of these 
the primary focus was replaced by a huge cavity which was in connection 
with the bronchus; caseation of lymph nodes was restricted to the inter- 
lobar, bronchopulmonary group and two anterior mediastinal nodes close 
to the surface of the left upper lobe. All tracheobronchial lymph nodes 
above and below the bifurcation and those in the left venous angle were 
small and grossly entirely normal. In the other case, the primary focus 
in the right middle lobe had a chalky centre; two regional bronchopul- 
monary lymph nodes were chalky. At the same time, however, in this 
case, the right lower tracheobronchial lymph node was caseated and 
contained a huge cavity replacing most of the substance of this node 
(figure 4). No further lymphogenic spread was noted either to the 
angulus lymph nodes or to the diaphragmatic and celiac nodes. None- 
theless, the haematogenous spread in the first was just as marked as in 
the other cases of this series. While in the latter case only a few miliary 
tubercles in the liver were seen, there was diffuse tuberculous meningitis. 

With the exception of the 2 cases mentioned above showing chalky 
cheesy exacerbation in some of the regional nodes, all cases of this series 
showed uniform caseation of the bronchomediastinal lymph nodes and 
very marked diffuse enlargement of the nodes in many cases, especially 
in the upper and lower tracheo-bronchial nodes, sometimes to the size 
of a date or a small plum. Cavitation in the caseated lymph nodes was 
noticed in some cases, with cheesy abscesses in the bronchomediastinal 
and angulus lymph nodes. Haematogenous miliary dissemination 
(miliary tuberculosis) was seen in typical fashion with dense tubercles in 
13 cases, including all representative ages of this series from ten months 
to fourteen years. In 3 cases miliary seeding was distributed as follows: 
typical in liver and spleen, a moderate number of miliary tubercles in 
the lungs. There were 2 cases showing also focal bronchogenic spread 
or continuous pneumonic cheesy progression of the primary focus in the 
lungs, in addition to haematogenous spread. Two cases showed only 
scattered miliary tubercles in spleen, liver and lungs. In the remaining 
5 cases of this series, the lungs did not show grossly recognizable miliary 
tubercles, but 4 of them did show histologically miliary tubercles in 
spleen, liver or kidneys. The fifth, and the only one of its kind in this 
series, showed typical tuberculous meningitis as the only evidence of 
haematogenous seeding. The source of the haematogenous tubercles 
in all these cases was the primary complex, part or all of which showed 
frequently diffuse caseation, softening and cavitation extending as far 
as the angulus lymph nodes. Only in one case with unusually dense and 
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large miliary tubercles in the liver, spleen and especially in the lungs, 
many plaque-like infiltrates in the walls of smaller branches of pulmonary 
veins were readily noticed with the naked eye—rarely with recent erosion 
of the intima within these plaques. The size of these tubercles was 
rather impressive: in one of them, which on gross inspection was taken 
for an additional primary focus, the number of tubercle bacilli was 
amazing. However, just as many were seen in the primary focus of this 
case. There was no doubt that the formation of so many tubercles in 
the walls of pulmonary veins coincided with or was secondary to the 
overwhelming haematogenous seeding into the lung tissue. 

In 21 cases of the 23 the presence of diffuse tuberculous meningitis was 

proved by postmortem examination. In the other 2 cases, dissection of 
the head was restricted; in one of these, however, there was very definite 
clinical evidence of involvement of the central nervous system or lepto- 
meninges. In 5 cases small tubercles were found single or in small 
numbers in different parts of the cerebral cortex, cerebellum and stem 
ganglia. These varied in size between that of a lentil and a small bean. 
The tuberculous exudate was cheesy in all these cases and especially 
dense in the chorioid plexus. Haematogenous seeding in these 5 cases 
was most marked with rather large tubercles in spleen, liver or lungs. In 
2 among these 5 cases the leptomeninges above the cortical tuberculo- 
mata showed prominent tuberculous nodules, which were larger than 
other areas of the convexity. In others, where the cortical tubercles 
had not reached the pia, no particular involvement of the leptomeninges 
in this area was noted. 
% In all other cases as well, the tuberculous meningitis was diffuse, being 
especially pronounced at the base and along the medial surfaces of the 
frontal lobes. In all cases in which only few miliary tubercles were seen 
in liver, spleen or kidneys and no miliary tubercles in the lungs, it 
happened that there were no tuberculomata present in the brain sub- 
stance or prominent in the meninges. Rather the uniform picture of 
so-called basal tuberculous meningitis (brain substance carefully ex- 
amined in all cases in thin macroscopical sections) was present in these 
cases, especially in those few cases in which, following lymphoglandular 
exacerbation, the leptomeninges were the only, or practically only site 
of haematogenous tuberculosis. There were no tuberculomata seen in 
the central nervous system and no distinct meningeal tubercles, but the 
typical picture of diffuse tuberculous meningitis with the well-known 
involvement of all basal cisternae. 

In 8 cases of this series of 23, recent tuberculous lesions were seen in 
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the small intestine or colon or in both; conglomerate tubercles, erosions 
and recent ulcers, associated with caseated conglomerate tubercles or 
more or less complete caseation of the regional lymph nodes. In some 
cases the perigastric, periportal and peripancreatic lymph nodes were 
also more or less diffusely caseated. In 3 cases of this group some 
evidence of localized intrabronchial spread around the primary focus in 
the lung was present. In spite of this, the intestinal tuberculosis was 
most probably of haematogenous origin in these cases, as well as in the 
remaining 5 cases. In no case was there any anatomical sign of pro- 
gressive intrabronchial spread, larynx or tonsillar involvement, or the 
picture of ulcerative intestinal tuberculosis which follows massive de- 
glutition of tubercle bacilli. In 2 additional cases, small tubercles were 
found only in the colon and jejunum and had a typical embolic 
appearance. 

Finally, we wish to mention that in 4 cases of this series typical local- 
ized atelectasis was seen in connection with the primary focus; while in 
3, atelectatic areas were restricted to the field around and especially 
lateral to the huge primary focus; in one, the entire lateral portion of the 
lower lobe was collapsed starting just below the progressive focus (of 
about cherry size) in the apex of this lobe.!_ Bronchopulmonary and 
tracheobronchial lymph nodes were caseated, but not unusually large. 

As indicated in the tables, in all but 3 cases lymphogenic progression 
in connection with the primary focus appeared rather uniform. The 
primary focus and regional tuberculous lymph nodes had the same active 
caseated character, sometimes in ulcerative (cavernous) disintegration. 
There was a continuous chain of markedly caseated tuberculous lesions 
from the primary focus to several regional lymph node groups in ortho- 
grade direction usually including one or more lymph nodes in the venous 
angle. In all these cases haematogenous dissemination was found, the 
different degrees of which we have mentioned above. 

In 2 cases (drawings 20 and 21, plate 2) primary focus or foci and lymph 
nodes closest to them, in the nearest regional group, were calcified or 
distinctly chalky while the more distant groups in orthograde direction 
showed more recent caseation or tuberculous hyperplasia with little 
caseation. (We omit for reasons already mentioned any discussion of 
the structural difference among foci and bronchomediastinal lymph 
nodes in case 23.) In these 2 cases (20 and 21) the entire anatomical 
picture points to so-called lymphoglandular endogenous exacerbation 
with some haematogenous dissemination. Especially case 21 seems a 


1 The atelectatic areas are indicated by a broken line on plates 1 and 2. 
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very clear example of this type of protracted delayed but persistent 
lymphogenous progression with fatal tuberculous meningitis as the end 
result. We shall report in a brief note on Endogenous Lymphoglandular 
Exacerbation the anatomical findings in these 2 cases together with those 
of one additional case in a seven year old boy. (See group G above.) 


B. PRIMARY CASEATED PULMONARY COMPLEX, INTRABRONCHIAL AND 
HAEMATOGENOUS DISSEMINATION ° 


(Plate 3, drawings 24, 25 and 26) 


In this group a rather typical, recent, caseated complex with typical 
localization of the primary focus (median half left upper lobe, lower third 
right upper, lateral part right middle) and marked haematogenous seed- 
ing to different organs was combined with recent intrabronchial spread. 
The ages in these cases are twelve months, eighteen months and four 
years. In 2 of these, the primary focus continued into a bronchus of 
second or third order producing cheesy tuberculosis in the wall. In the 
other case, a large caseated epibronchial lymph node close to the primary 
focus had perforated the wall of an intrapulmonary bronchus. This 
latter case showed a recent cherry-sized cavity in the apex of the right 
lower lobe, which was larger than the compact caseated primary focus 
in the right upper lobe. Distinct perifocal spread around the primary 
focus was indicated by a corona of dense cheesy conglomerate tubercles. 
The cavity contained a soft necrotic mass of autolytic appearance, like 
a liquefied tissue sequester. This cavity was the only evidence of intra- 
bronchial extension in this case. The 2 other cases showed recent 
tuberculous peribronchial acinous lobular pneumonia in the upper halves 
of both upper lobes and in the apical parts of both lower lobes. This 
intrabronchial spread was more marked with the huge cherry-sized focus 
in the right middle lobe. The lymph nodes regional to the lobes in 
which the recent peribronchial tuberculosis was seen showed only tuber- 
culous hyperplasia with partial caseation. These lesions were strikingly 
different from the massive compact caseation of the entire lymph node 
chain regional to the primary focus. The formation of the complex did 
not differ from the cases in the first series. The caseation was most 
marked and extensive, including all regional lymph nodes on the side of 
the focus up to the venous angle; with cavitation in some tracheo- 
bronchial nodes in one case, and with extension of the caseation from the 
left upper tracheobronchial nodes to both lower ones in the bifurcation. 
The site of the focus in this case was the upper third of the left upper 


30 ANATOMICAL STUDIES ON TUBERCULOSIS 


lobe. In all 3 cases haematogenous seeding was marked with many 
miliary and conglomerate tubercles in spleen, liver and kidneys and 
with tuberculous meningitis. The lungs showed many tubercles in 2 
cases, while in the third there were only a few scattered over all lobes. 
Crossing also had occurred in 2 cases, and there was marked caseation of 
the cervical lymph nodes and those in the mesentery. In the third, 


conglomerate tubercles were seen in the mucosa of the lower ileum with 
slight caseation of the mesenteric lymph nodes, but no gross lesions in 
the tonsils. The aforementioned caseation of the cervical lymph nodes 
was unusually marked in one case with huge abscess-like cavities; their 
size was not smaller than that of the bronchomediastinal lymph nodes 
regional to the primary focus. This is well to remember, as extensive 
caseation, with or without calcification of cervical lymph nodes, detected 
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clinically, especially by X-ray, has been looked upon as part of a primary 
complex without adequate proof. Tuberculous meningitis was typical 
in 2 cases with no tuberculomata or prominent meningeal tubercles. In 
the third case dissection of the brain was restricted, but clinical symptoms 
and chemical analysis of the spinal fluid were suggestive of tuberculous 
meningitis. 

In only one case of this group was almost complete atelectasis noted 
involving the entire left upper lobe, the middle portion of which con- 
tained the primary focus, which was in connection with a bronchus of 
third order. The upper and lower tracheobronchial lymph nodes on 
the left side showed marked caseation. Atelectasis was noticed to a 
slight degree also in the left lower lobe. Compression of the right major 
bronchus from a cherry-sized abscess in a huge lower tracheobronchial 
lymph node was seen in another case but without atelectasis in any part 
of the right lung. 


C. PRIMARY CASEATED PULMONARY COMPLEX AND ALMOST EXCLUSIVELY 
INTRABRONCHIAL SPREAD 


(Plate 3, drawings 27, 28 and 29) 


In our third group, containing 3 cases, anatomical findings pointing to 
haematogenous dissemination are negligible or absent: a single tubercle 


in the liver in one case; a few in the spleen and liver in another; none in 
the third. In these cases extensive intrabronchial extension and intra- 
canalicular progression dominate the anatomical picture. All 3 were 
children less than one year of age (six months, ten months, ten months). 
In 2 of these the primary foci were represented by a huge cavity—in one 
case about the size of a small fist in the right lower lobe; in the other case 
about plum-sized in the right upper lobe. The remainder of the right 
upper lobe and the entire middle lobe in the latter case showed caseated 
pneumonia; in all other lobes, cheesy lobular pneumonic areas were 
present. In the case with the larger cavity, diffuse intrabronchial ex- 
tension was seen in all lobes, with typical acinous tuberculous lobular 
pneumonia. Lymphatic spread in this case was restricted to the lower 
tracheobronchial lymph nodes and one node above the bronchus. These 
nodes were caseated but not enlarged. In the third case, in which the 
primary focus was compact, several lower and upper tracheobronchial 
lymph nodes were completely caseated and enlarged (about hazelnut 
size). In one of these cases intratracheal spread was most marked with 
ulceration of the right vocal chord, tuberculous perichondritis and exten- 
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sive caseation of all superficial and deep cervical lymph nodes on this 
side, deglutition ulcers in the stomach, small and large intestine with 
huge caseated mesenteric lymph nodes, tuberculous peritonitis from 
extension of ulcers through the intestinal wall and descending salpingitis. 
In this case tubercle bacilli were found in the discharge from the middle 
ear several days before the patient’s death. 

In the case of this group with the fist-sized cavity, only a few tuber- 
culous ulcers were found in the small intestine. The brain was not dis- 
sected in 2 cases, but there were no clinical findings of tuberculous 
meningitis and the lymph nodes in the venous angle were grossly not 
tuberculous in either case. 

In the third case, in addition to a typical caseated complex with a 
hazelnut-sized cheesy focus near the basis of the left lower lobe, recent 
tuberculous bronchopneumonia was found in the upper third of the left 
upper lobe in an area the size of a walnut, with tuberculous hyperplasia 
of the regional upper tracheobronchial lymph nodes. The anatomical 
picture was suggestive of early intrabronchial extension from the primary 
focus on the same side. The primary complex had extended in this 
case to the celiac lymph nodes, an extension which is seen occasionally 
from foci near the base of the lower lobe, especially on the left side. No 
effects of deglutition nor of haematogenous dissemination were found 
in this case. 

Extensive caseated pneumonia forming part of the primary focus and 
involving the whole lobe was seen only in young infants not more than 
ten months of age. It was most marked in two infants six months old, 
including one case of group A. 


D. POSTPRIMARY CHRONIC PULMONARY TUBERCULOSIS WITH 
HAEMATOGENOUS DISSEMINATION 


Two children in this series presented the picture of chronic pulmonary 
tuberculosis of different organ systems, especially the intestine and 
genitourinary tract, as it has been frequently observed in adults. The 
age in each case was nine years. In one, a typical complex was present 
with a calcified primary focus and old cheesy fibrous changes in its 
regional lymph nodes without calcification. In addition, there was more 
recent typical tuberculous bronchopneumonia of the entire right upper 
and the middle portion of the left upper lobe, extensive tuberculous 
ulceration of the colon, progressive caseation with a cheesy abscess in 
the left kidney and descending tuberculosis of ureter and bladder. 
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Small miliary tubercles in all lobes, liver, spleen and small intestine and 
diffuse tuberculous meningitis without tubercles in the brain substance 
complicated the picture. Although the more recent lesions in the lung 
were grossly suggestive of a superinfection from without, the fact that 
part of the primary complex was not healed and that older haemato- 
genous tuberculosis of the kidney was present with extensive caseation 
made a clear pathogenetic analysis hardly possible. Recent tuberculous 
meningitis with miliary tuberculosis in other organs has been frequently 
observed in cases with progressive ulcerative tuberculosis of the genito- 
urinary tract in adults (Kaufman, Kment, Schuermann, Simmonds 
(7, 8, 9)). 

In the other case, the anatomical findings in the lungs were of older 
intrabronchial spread which possibly had steadily continued from the 
time when the first infection had occurred. Several calcified fibrous 
foci near the hilum in the left upper, left lower and upper third of the 
right upper lobe were found surrounded by fibrous cheesy and cheesy- 
pneumonic areas of distinct peribronchial arrangement with two large 
cavities. The X-ray picture pointed to calcified complexes on both sides 
with scattered calcified tubercles in different lymph nodes draining the 
upper lobe. Anatomically the calcified tubercles in these nodes were 
imbedded in fibrous cheesy structures. Huge conglomerate tubercles 
and extensive caseation of different external and internal lymph node 
groups, tuberculosis of the fallopian tubes and tuberculosis of several 
phalanges were proof of extensive haematogenous spread. Amzyloidosis 
and marasmus had finally lead to death. Again no attempt was made 
in this case to decide by complete histological analysis whether the 
anatomical picture in the lung was brought about by intrabronchial or 
haematogenous extension in more or less direct connection with the 
lesion of the primary complex. 


E. CONGENITAL TUBERCULOSIS 


No comment is intended on the case of congenital tuberculosis in a 
six weeks old infant. This case has been presented in the Buffalo 
Pathologic Society (Terplan and Hosterman (10)). The anatomical 
picture pointed to the liver and especially the periportal lymph nodes as 
the possibly oldest and certainly most marked lesions with extensive 
caseation. No complex was present in the lung, but uniform miliary 
tubercles with small tubercles in the bronchomediastinal lymph nodes 
without pronounced caseation. 
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F. ACUTE PRIMARY INTESTINAL TUBERCULOSIS 


Only one case of apparently primary, recent intestinal tuberculosis 
occurred in our material. Unfortunately, in this case only the intra- 
abdominal organs were removed at autopsy. A most acute and destruc- 
tive ulcerative tuberculous process involved the entire small intestine, 
especially the jejunum and to a lesser extent the colon. There was recent 
cheesy purulent peritonitis following bursting of a walnut-sized softened 
caseated mesenteric lymph node. All the other lymph nodes in the 
mesentery showed very marked caseation. Liver and spleen were 
studded with cheesy miliary tubercles. 


GROUPS G AND H 


Both remaining cases in our table will be discussed under separate 
headings, as the one is a perfect example of lymphoglandular exacerba- 
tion in a lymph node of the venous angle, part of which was calcified. 
This case also presents the most extreme reduction of a lobe following 
collapse from occlusion and obliteration of its bronchus subsequent to 
perforation by a caseated lymph node. The other case is one of true 
reinfection and will be described in a separate paper. In this case the 
reinfection had assumed the typical features of first infection with a 


progressive cheesy complex and haematogenous dissemination. It is 
the first observation of its kind in a child under ten years of age. 


DISCUSSION 


Among the 35 cases with fatal tuberculosis seen in children from six 
months to fourteen years of age, the progressive caseated complex with 
haematogenous seeding predominates (about 70 per cent). Intra- 
bronchial spread seemed to depend on extension of the primary focus 
into 2 bronchus of second or third order or on perforation of a broncho- 
pulmonary lymph node into a large bronchus or massive caseated pneu- 
monia involving entire lobes with cavitation. These latter cases re- 
sembled progressive caseated tuberculosis in adults in every respect; very 
little or no evidence of haematogenous tubercles, but marked involve- 
ment of intestinal tract, tonsils and larynx with regional lymph nodes. 
Less impressive was the involvement of the lymph nodes regional to a 
huge primary cavity in one case. However, primary caseated pneu- 
monia involving about one-half of an entire lobe might not always lead 
to rapid intrabronchial extension. Perhaps its development is precluded 


TUBERCULOSIS IN CHILDREN 35 


by the rapidly fatal course from overwhelming haematogenous seeding 
with tuberculous meningitis. In addition, cavitation is not always 
followed by intrabronchial spread especially if this cavitation had in- 
volved only part of the primary focus, but not breaking down the wall. 
Even open connection of the cavity with the bronchus was found with- 
out evidence of further intrabronchial spread in one instance; it is possible 
that marked collapse of the whole or part of the lobe following bronchial 
occlusion by cheesy exudate had prevented a further extension into other 
bronchi. Most impressive was an incidental finding of combination of 
a typical recent complex with the primary focus in the base of the left 
lower lobe and recent acinous tuberculosis in the upper portion of the 
left upper lobe with recent tuberculous hyperplasia of the lymph nodes 
regional to this part of the upper lobe. Here again a so-called adult 
lesion was added to a typical primary complex in a six months old infant 
who died from influenza meningitis without evidence of haematogenous 
spread from the caseated complex. 

Only some of our findings will be briefly discussed and related to the 
literature of more recent date. In all instances the primary focus or 
foci in the lung tissue were found. Early haematogenous generalization 
apparently did not depend on the size of the primary lesion: it was seen 
in connection with the smallest focus and with huge lobar foci. This 
finding, therefore, does not support Huebschmann’s statement as far as 
immediate seeding is concerned, nor did we find any proportionate rela- 
tion between the size of the primary focus and that of the caseated 
regional lymph nodes, which Huebschmann (11) has stressed. We fully 
agree with Schuermann (12) that haematogenous generalization is inde- 
pendent of the extent and degree of lymph node involvement in the 
primary complex; it occurred in a few cases from complexes which had 
not extended into grossly recognizable lesions in the lymph nodes of the 
venous angle. 

De Velasco (13) from Loeschke’s institute has found in 13 out of 32 
cases marked bronchial extension and in 5 cases typical phthisis in infants 
and small children under six years of age. The cases of phthisis showed 
relatively slight involvement of the bronchomediastinal lymph nodes. 
In De Velasco’s material cavitation of the primary lesion and perfora- 
tion of caseated lymph nodes into a bronchus gave the sources for massive 
intrabronchial spread; these cases showed mostly a combination of 
bronchial with haematogenous and lymphogenic extension, similar to 
the cases of our group B. Absence of haematogenous dissemination and 
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extensive lymph node lesions most probably depends upon rapid intra- 
bronchial progression. This explains that sometimes cases with exten- 
sive intrabronchial spread from a huge primary cavity in small infants 
resemble closely progressive phthisis in adults as complex changes in 
the regional lymph nodes are less marked and haematogenous tubercles 
are but few. However in other cases lymphogenic extension and haema- 
togenous seeding may go parallel with or even precede the intrabronchial 
spread. If little haematogenous seeding has been seen by Pagel (3) in 
cases with perforation into bronchi by cheesy lymph nodes, most probably 
this perforation had occurred in an early period of the primary complex 
before progressive lymphogenic extension. 

The incidence of a primary cavity varies between 20 and 50 per cent 
in carefully controlled postmortem material. Ghon (14) reported 35 
per cent, Blumenberg (15) 34 per cent, Loeschke (25) 25 per cent, Kalb- 
fleisch (16) found almost 50 per cent in infancy and early childhood. In 
this present material, which comprises 30 cases of acute primary tubercu- 
losis between the ages of six months and fourteen years, cavitation of the 
primary focus was seen in 6 cases, or 20 per cent. Therefore, there can 
be no basis for the statement (Myers (17)) that cavities in primary 
tuberculosis do not exist. With this material and that of Ghon and of 
Loeschke, we cannot support the view of Auerbach (18) that cavity 
formation in a primary focus occurs shortly before death. If this were 
the case, there would hardly have been found so marked an intrabronchial 
extension in many of these cases. The extension obviously was the 
result of the cavitation. 

Ghon (19) found among 191 infants between the ages of six weeks and 
twelve months, with fatal primary tuberculosis of the lungs, in 89, or 
46.6 per cent, primary cavities or caseated foci in beginning cavernous 
disintegration. In a few of these the primary cavity had replaced one 
entire lobe. Ghon’s material included several instances of typical phthi- 
sis with large cavities and cheesy-chalky or caseated nodular foci be- 
tween the cavities. However, 91 per cent showed combination with 
haematogenous seeding. Only 29 per cent died from tuberculous menin- 
gitis. The 2 cases with the largest cavities replacing most of an entire 
lobe showed only a few haematogenous tubercles in different organs, but 
no miliary tuberculosis and no tuberculous meningitis. 

In a case published by Epstein and Kment (20) from Ghon’s institute, 
the development of acute phthisis in infancy was followed over a period 
of eight weeks. The appearance of the cavity in the centre of a caseated 
lobar focus was visible by X-ray. Kudlich (21) found 4 cases, among 
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136, with chronic phthisis (at the ages of seven months, eighteen months, 
twelve and thirteen years). In 2 of these, only intracanalicular spread 
had occurred, while 6 additional cases, including infants and children, 
showed a combination of chronic pulmonary phthisis with haematogenous 
seeding into different organs. 

In one of our cases a giant tension cavity had dominated the clinical 
picture to such an extent that the diagnosis of diaphragmatic hernia was 
made. Klare (22) reports a cherry-sized cavity in an eleven year old 
child, which, as revealed by X-ray photographs, had developed within a 
previously massive shadow. During the course of a year distinct calci- 
fication was demonstrated by X-ray in the wall of the cavity which 
gradually disappeared under further observation. In our cases, the 
largest cavities were seen in children less than one year of age. Cavities 
of the average size of a hazelnut or cherry were seen at the age of four 
years, four and one-half years, and six years. Cavitation in obviously 
secondary bronchogenic foci has been seen by Ghon (14) in two instances 
only; in both of these the primary focus was still caseated. In our case, 
this cavitation had resulted from perforation of a caseated lymph node 
regional to the primary focus into a larger bronchus. 

Tuberculosis of the tonsils, middle ears and larynx was only seen in 
cases of our series in which there was unmistakable evidence of intra- 
bronchial spread and deglutition tuberculosis of the intestine. This 
dependence of tuberculosis of tonsils on intracanalicular spread is well 
demonstrated also in Ghon’s material and has been stressed by Blumen- 
berg (15). As to the lymph node reaction following (secondary) intra- 
bronchial and haematogenous spread, Kuess had already stated that it 
is much less marked than in the lymph nodes regional to the primary 
focus. While our material, in accordance with that of Ghon, bears out 
the experience of Kuess with regard to changes of tuberculosis in broncho- 
mediastinal lymph nodes regional to secondary bronchogenic foci, in 
lymph nodes regional to the tonsils, the intestinal tract, and even in 
some instances in the periportal nodes, we found in a few cases just as 
marked caseation and even extensive cavitation as in the lymph nodes 
of the primary complexes. In most cases of our material with such 
marked changes following intrabronchial or haematogenous spread, the 
primary complex was in a progressive caseated state. Schuermann (23) 
also has observed that tuberculous lesions developing at a time close to 
that in which the primary complex is formed, might show marked in- 
volvement of their lymphatic chains. 

While many miliary tubercles surrounding the primary focus have 
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been found characteristic by Ranke and Lange (24), this feature appar- 
ently is frequently absent or at least grossly not visible. Only in 2 cases 
of this series a corona of distinct tubercles was seen close to the capsule 
of the primary focus. 

In a recent paper Loeschke (25) and his pupil Minguez (26) call atten- 
tion to haemorrhages within liquefied caseated lesions which are entirely 
walled off. More often these were seen in the lymph nodes draining the 
primary focus, and less often in the primary focus itself. This occurrence 
they consider as the most important pathogenic factor in bringing about 
miliary tuberculosis. It was not the intention of this study to include 
the pathogenesis of miliary tuberculosis, and no special histological in- 
vestigation was made of all those caseated lesions which might have 
served as the source for haematogenous seeding. Liquefaction was seen 
frequently in the bronchomediastinal and angulus lymph nodes, but only 
in one case were distinct haemorrhages observed in a date-sized caseated 
lymph node regional to the primary focus. We do fully agree with 
Loeschke and Huebschmann that the historic Weigert tubercule in the 
pulmonary veins is the result of massive miliary tuberculosis in the lungs, 
as in one case of this series, and that they are not its source. This con- 
ception applies, at least in our material, to all cases of progressive haema- 
togenous seeding in connection with a caseated primary complex. 


In this brief discussion of the most important clinical data, as ob- 
served from the charts, only 30 cases (from the first three groups) are 
included. In 15 of these (50 per cent) the onset of an acute infection is 
mentioned; a cold is mentioned in 9 cases as preceding symptoms of 
tuberculous meningitis from six weeks to ten days. This was impressive 
especially in the case of a four year old child in whom the only finding of 
haematogenous seeding was tuberculous meningitis and who had suffered 
from a cold six weeks previously. A history of pertussis was obtained 
in 2 cases eight weeks and six months previous to the fatal disease. 
Measles were present in 2 cases, three weeks and five months before the 
onset of tuberculous meningitis. In one case with marked intrabronchial 
extension, acute tonsilitis was observed six months before death. In 
another case with marked intrabronchial spread, for eight months 
symptoms of so-called asthmatic bronchitis were noted on the chart. 
Except for these 2 cases and the case with the giant tension cavity 
mentioned above, in every case of this series the first symptoms of the 
tuberculous disease were those of tuberculous meningitis or were due to 


TUBERCULOSIS IN CHILDREN 39 


the presence of tubercles in the brain. The duration of these symptoms 
until the patient’s death varied between two days and four weeks. In 
most of them, symptoms lasted from seven to fourteen days. Only in 
5 cases single or several small tuberculomata were found in different 
parts of the brain substance. Symptoms referable to the central nervous 
system were observed from four to six weeks before death. It is our 
most discouraging impression that practically in all cases in which little 
or no intrabronchial spread had occurred the symptoms of oncoming 
tuberculous meningitis were the first symptoms of the tuberculous 
disease. 


Of the 23 cases in which tuberculous lesions were observed incidentally 
having no apparent relationship to the cause of death, 2 showed intra- 
bronchial localization of the primary focus alone or of focus and addi- 
tional lesions, with typical collapse-induration distal to the occluded 
bronchi. These findings will be discussed in a separate paper (V) on 
Bronchial Obstruction in Pulmonary Tuberculosis in Children. 

Another group of 5 cases (L and M, above) dealing with single or 
multiple primary foci without lymph node changes will be also pre- 
sented in a special paper (III). 

No comment is necessary on the 3 cases with incidental findings of 
calcified mesenteric lymph nodes, except that in one, a boy eight years of 
age, the chalky caseated lesions were found in the uppermost portion 
of the radix of the mesentery near the duodenum; in the two others 
(age thirteen and fourteen years) the central and lower groups within 
the mesentery close to the lower ileum were calcified. There was no 
evidence of grossly recognizable scars throughout the entire intestinal 
mucosa. 

It remains now to mention briefly some of the anatomical findings in 
those 12 cases (groups I, J, K, above) in which a recent or old primary 
pulmonary complex was found. These cases are charted schematically 
on plate 4 as to site, size and numbers of the primary foci, also as to 
character and extent of the lymph node changes regional to the foci. 
In 9 cases the primary focus was single; in 3 cases two foci were present 
in a calcified state with calcified lymph nodes regional to each. The 
foci were found at different levels in all lobes except in the apices of the 
upper lobes (right upper, 1; right middle, 1: right lower, 5; left lower, 3; 
left upper, 2). 
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In all 5 cases (group I) in which the primary complex was found in a 
recently caseated state, scattered haematogenous tubercles were seen 
in the liver, spleen or kidneys. They were found regardless of whether 
caseation had extended upwards into the angulus lymph node (as in 
case 1) or not beyond the regional bronchopulmonary, lower or upper 
tracheobronchial lymph node groups (cases 2 to 5). In one of these 
cases, a girl five years of age, first, second and third dorsal vertebral 
bodies were involved in a tuberculous process with typical prevertebral 
and paravertebral and subpleural abscesses but with only few miliary 
tubercles in the liver. As seen in drawing 2, plate 4 caseation of the 
lymph nodes had not extended beyond the lower tracheobronchial group. 
Of interest seemed also the absence of marked haematogenous tuber- 
culosis in the organs of a three months old female infant who had died 
from an acute ascending cysto-pyelonephritis with many abscesses: a 
wedge-shaped recent caseated focus was found incidentally in peri- 
bronchial arrangement in the right upper lobe; in spite of extensive 
caseation and cavitation of the regional upper tracheobronchial lymph 
nodes, which were considerably enlarged, the only evidence of haema- 
togenous spread was a few isolated tubercles in the liver and spleen. 
This finding is somewhat in divergence from the general impression of 
pathologists of the most disastrous progression of tuberculosis in early 
infancy. 

Unusually marked tuberculosis of subpleural lymph vessels in radial 
arrangement around a caseated interlobar lymph node regional to a 
fibrous cheesy focus near the bases of the right lower lobe was observed 
in one case (drawing 1, plate 4). In this case very many tubercle 
bacilli were present in sections taken from the primary focus in spite 
of the fact that this focus showed already advanced fibrous encapsula- 
tion. In all the other cases no tuberculous lymphangitis was seen with 
the naked eye in subpleural lymph vessels around the caseated inter- 
lobar or bronchopulmonary lymph nodes. 

Only one other unusual observation seems to deserve some brief 
mention: in one case (see drawing 5, plate 4), that of a girl eight and one- 
half years of age, who died from chronic hydrocephalus of nontuberculous 
origin, a peculiar localized caseated tuberculous process was seen of 
acinous peribronchial type, restricted to an area 2 x 0.5 cm., closely 
attached to a cherry-sized cheesy-chalky lymph node in the interlobar 
fissure, which was regional to the primary focus near the base of the 
lower lobe. This focus was already calcified. Macroscopical appear- 
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ance, but especially also histological examination seemed to point to 
direct contiguous extension of the tuberculous process through the 
capsule of the caseated lymph node into the pulmonary parenchyma. 
As there were several small cheesy fibrous conglomerate tubercles 
scattered in small numbers over all lobes of similar histological structure 
as that seen in the parenchyma near the huge interlobar lymph node, it is 
possible that this direct extension of the tuberculous process from the 
lymph node into the perihilar parenchyma was followed by scattered 
intrabronchial spread to other lobes. These additional small foci all 
had an identical histological structure, appearing much more recent 
than the calcified primary focus. To haematogenous seeding pointed 
clearly only a few fibrous tubercles in the spleen with cheesy centres. 


SUMMARY 


The incidence of tuberculous lesions found at autopsy of about 700 
children and young adults between one month and eighteen years of 
age was 5.9 per cent below the sixth year and 19.4 per cent between 
seven and eighteen years. In the majority of the cases of fatal tubercu- 
losis, death was due to haematogenous dissemination with tuberculous 
meningitis following more or less closely the establishment of a caseated 
pulmonary complex (about 70 per cent). This applies not only to 
infants but also to older children. In 3 cases, intrabronchial progression 
had occurred almost simultaneously with haematogenous dissemination 
which, although decidedly less marked, nevertheless had led to tubercu- 
lous meningitis. In 3 other cases with marked intrabronchial spread in 
direct connection with primary lesions, haematogenous seeding was 
minimal or absent. Tuberculous meningitis as practically the only 
manifestation of haematogenous tuberculosis had followed exacerbation 
of the tuberculous process within one or more lymph nodes close to an 
older calcified or chalky complex. These 3 instances represent the so- 
called endogenous lymphoglandular “reinfection” in children. All cases 
are completely worked up as to location, size, structure of the primary 
foci and the extent of the tuberculous process in the lymph node group 
forming the primary complex. Schematic and anatomical charts of all 
individual lesions are given. The interrelationship between haema- 
togenous seeding and intrabronchial spread is analyzed (especially in 
groups B and C), also the sources for rapid bronchial extension in recent 
primary tuberculosis and its relation to further canalicular spread to 
larynx, tonsils and intestinal tract. The literature relative to the findings 
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is briefly discussed. The absence of a substantial number of carefully 
controlled cases, especially with regard to the negatives, in the literature 
of more recent date and the lack of reliable anatomical information as 
to the actual incidence of tuberculous lesions in children and young 
adults are stressed. 
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Ill. PRIMARY TUBERCULOUS PULMONARY FOCI 
WITHOUT LYMPH NODE CHANGES 


The fact that primary complexes may be found in older children and 
young adults in an anatomically healed state should be of more than 
casual significance for the pathologist. The process of healing is even 
more simple if only primary foci are formed in the lungs without further 
spread to the lymph nodes. In such cases, endogenous exacerbation 
within the primary focus is not likely to occur and it obviously cannot 
arise within the lymph nodes. Ghon and Schuermann in contradistinc- 
tion to Huebschmann never have seen any morphological evidence of 
reactivation of tuberculous lesions after calcification in the primary focus. 
Beitzke (1) denies that calcified primary foci contain tubercle bacilli. 
We can support the views of Ghon, Schuermann and Beitzke, as it will 
be shown from bacterioscopical examination of very numerous slides of 
old primary foci. We cannot agree, therefore, with Schmincke (2), 
who claims that the human body is incapable of eliminating completely 
tubercle bacilli, nor with the statement of Huebschmann that every 
man once infected remains a carrier exposed to occasional bacillaemia; 
nor could we adhere to the apodictic statement of Pagel (3) that com- 
plete healing of a primary complex should be prevented as a “‘Greek 
gift.” On the other hand, the belief, which until only recently was quite 
universally held, that a positive tuberculin reaction is persisting through- 
out life, was, according to Blumenberg, already twenty years ago not 
shared by v. Hayek, Cronquist and Kraemer (4). This question seems 
of importance in relation to the existence of true reinfection, as will be 
shown in one of the following papers. 

The literature contains only two instances, one reported by Ghon and 
Kudlich (5), the other by Kudlich alone (6), in each of which a small 
calcified primary focus of typical histological structure was found, one 
in the right upper, the other in the left lower lobe in subpleural position 
(in children seven and thirteen years of age). The lymph nodes regional 
to the focus in each case were examined in serial sections and found 
negative. No tuberculous lesions were seen in any other organ. Al- 
though no X-ray photographs were taken in these cases, the thorough 
anatomical and histological methods, which so successfully were applied 
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in all studies on human tuberculosis by Ghon and his associates, seem 
to guarantee sufficiently the completeness of their investigation. We 
might mention 2 additional cases in which a recent primary tuberculous 
focus was found, one in a child five and one half years old (Ghon (7)), the 
other in a three months infant (Blumenberg (8)). Ghon found two pea- 
sized subpleural cheesy tubercles in the centre of the mediastinal surface 
of the left upper lobe and one of the same size in the right upper lobe; 
lymph nodes were not involved grossly, but were not examined histo- 
logically; there were no X-ray photographs taken. Blumenberg, re- 
porting the case of a three months old infant, found a small cheesy focus 
containing many tubercle bacilli; all lymph nodes were found negative. 
It is not clear from Blumenberg’s report to what extent histological 
examination of the lymph nodes was carried out. No mention is made 
of serial sections. Blumenberg thought that the child had died, inci- 
dentally, at a time too early for the primary focus to have resulted in 
extension to its regional lymph nodes. As Ghon and Roman (9) have 
shown that lymph nodes regional to the primary focus show histological 
tuberculous changes before caseation in the primary focus is complete, 
we do not know whether Blumenberg’s explanation for cases without 
lymph node changes can be accepted. 

We shall now present our own material (see plate 1). It consists of 
3 cases, each of which presents a single calcified tuberculous focus without 
lesions in their regional lymph nodes or in any other organ. Then, 2 
cases will be cited with multiple foci in a cheesy-chalky or chalky- 
calcified state—again without evidence of further spread to any regional 
lymph nodes, including the intrapulmonary lymph nodules. These 
were examined in serial sections. One of the cases showed, in addition, 
a few recent lobular pneumonic caseated foci containing large numbers 
of tubercle bacilli. 


Case 1: (Protocol 2127), white boy, aged twelve years and eight months; 
cause of death: brain abscess. 

Grossly the lungs are entirely negative on close inspection. X-ray photo- 
graphs (figure 1) show a round whitish shadow of nearly 2 mm. diameter in 
the parenchyma of the right lower lobe, 3 cm. above the base. Corresponding 
to this patch, a firm nodule is found, distinctly calcified and surrounded by 
anthracotic pigment. All lymph nodes, including those in the pulmonary 
ligament, intrapulmonary nodules, bronchopulmonary, upper and lower 
tracheobronchial lymph nodes are moderately anthracotic, soft or slightly 
firm. None of these show either tubercles, cheesy or chalky or calcified 
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changes; there is no fibrosis. Histologically a fairly thin hyalinized fibrous 
capsule is seen, which at its inner layer shows bone formation in some areas. 
Van Gieson and elastic stains show the alveolar structure within the calcified 
focus preserved and elastic membranes in vessel walls. The histological picture 
is that of a typical primary focus in completely calcified state with beginning 
metaplastic bone formation in its wall. There are no scars or other pathologi- 
cal changes in the surrounding lung tissue. Bone formation takes place 


1 


especially in those parts of the capsule where the fibres are split up and frayed. 
Between these thin fibres connective tissue cells and a few lymphocytes are 
seen very close to the border of the calcified nucleus of the focus. 

The lymph nodes in the right pulmonary ligament, all bronchopulmonary, 
upper and lower tracheobronchial nodes were cut in serial sections. All are 
negative. (Only for the sake of completeness, we wish to mention that in 
one lymph node of the right pulmonary ligament, extending through four 
sections of a series, minute hyalinization is noted in fibres in the reticulum of 
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the cortex; this hyalinization is not nodular in character. Whether or‘not this 
finding represents a minimal tuberculous lesion in a completely hyalinized 
state is difficult to decide. It would be the smallest one I have ever seen in a 
lymph node. On the other hand it might be an entirely nonspecific process, 
perhaps reaction to anthracotic pigment in the node.) 


Case 2: (Protocol 2213), fifteen year old white girl; cause of death: chronic 
nephritis with uremia. 

Macroscopically, in the left upper lobe 2 cm. below the summit in subpleural 
position, there is a firm calcified nodule between 1 and 2 mm. in diameter 
(figure 2), freely movable, slightly anthracotic, no thickening of the pleura or 
adhesions above. All lymph nodes regional to the left lung especially those 
within the upper lobe and around its hilum grossly negative: their average 
size is that of a pea; they are all anthracotic and slightly firm. 

Histological finding: The focus is an entirely calcified nodular structure 
with typical caseated alveolar pneumonic pattern, somewhat shrunken (that 
is, retracted from the wall, an artefact). The capsule is rather thin, completely 
fibrous, hyalinized and does not contain any bone. There is focal collection 
of anthracotic pigment within the wall. 

All lymph nodes including the intrapulmonary, interlobar, bronchopul- 
monary groups, and all anterior mediastinal, upper and lower tracheobronchial 
nodes on the left side, and in addition, the right bronchial pulmonary and 


right upper and lower tracheobronchial lymph nodes, were examined in serial 
sections and found entirely negative. 

Incidentally, a whitish shadow was seen in the roentgen photograph just 
above the left major bronchus, distinctly rod-like in character, corresponding 
to the obliterated and calcified ductus Botalli—proved by histological ex- 
amination. 


Case 3: (Protocol 2838), eleven year old white boy; cause of death: acute 
encephalitis. 

Macroscopical report: There is one pinhead-sized calcified focus in the lower 
third of the right upper lobe about 1 cm. above its interlobar margin; a second 
calcified focus about of the same size is found in the basal half of the right 
lower lobe. These foci were not seen at gross inspection, but only on the 
X-ray film. All lymph nodes were entirely negative grossly and on the X-ray 
film (see figure 3). 

Histological report: The focus in right lower lobe, is a typically calcified 
nodule, with well recognizable alveolar pneumonic structure in the elastic 
tissue stain. Its capsule is formed by hyalin fibrous tissue, part of which has 
been transformed into bone on one side. The focus from the right upper lobe 
is completely calcified and entirely surrounded by a hyalin wall. Again, 
typical alveolar pneumonic structure is seen in the elastic tissue stain. 
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All bronchomediastinal lymph nodes regional to the right lung, including 
those in the pulmonary ligament and all those below the bifurcation, were 
examined histologically, not, however, in complete serial sections (about 10 
sections from each block, at different levels). All sections examined were 
entirely negative as to scars or more recent tuberculous changes. 


Case 4: (Protocol 2597), ten-year old white female; cause of death: broncho- 
pneumonia of both lungs. 

Macroscopical report: Several chalky fibrous subpleural foci of average 
pinhead size are found in different lobes; in some of them there is central cal- 
cification. All bronchopulmonary lymph nodes regional to both lungs were 
negative as to tuberculous lesions. Closer dissection, with the aid of the X-ray 
photograph revealed four foci in the right upper, four in the right lower, five in 
the left upper and near the basis of the left lower lobe (see figure 4). 

Histological report: (See figure 5, 6, 7, 8 and 9.) The largest of the four 
foci from the right upper lobe has a somewhat eccentric calcified core with 
typical concentric rings (Liesegang) surrounded by caseated material with 
well preserved alveolar pattern. This area is bounded by a hyalinized wall 
of not quite uniform thickness; on one side of this wall, in small areas, many 
fibroblasts are seen resembling a palisade arrangement with their radial 
nuclei. In the other three foci there are very similar structures: a central 
calcified nucleus surrounded by firm caseated tissue within a fibrous capsule 
which is thinner than in the larger focus just described. The alveolar pattern 
in all of these foci is especially impressive in preparations stained with meth- 
ylene blue. Foci from the right lower lobe show that two of these foci have 
distinct calcified nuclei embedded in firm caseated structures within a thin 
fibrous wall. The two other foci are more cheesy-chalky and surrounded by 
a thick fibrous wall. 

All the foci from the left lung show essentially the same histological picture. 
All have a distinct alveolar pattern, especially impressive in elastic tissue and 
methylene blue stains. One focus is somewhat larger than the others, con- 
taining an oblong nucleus within a firm caseated mantle, surrounded by a 
thick irregular fibrous wall. Areas of localized fibroblastic proliferation are 
again seen suggesting disintegrating epithelioid cells. The large focus ap- 
parently developed within a bronchiole, as it is intimately related to lymph 
vessels, a pulmonary artery and a distinctly ectatic, but otherwise normal, 
bronchiole. 

All subpleural lymph nodes were examined with due regard to William Snow 
Miller’s studies on the lymphatic flow in the lung (10), and, in addition, intra- 
pulmonary lymph nodes as far as grossly recognizable; also all bronchopul- 
monary and upper and lower tracheobronchial lymph nodes from both lungs. 
Serial sections from all these lymph nodes were entirely negative. Many 
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tubercle bacilli stains of each individual focus and all the above lymph nodes 
were examined. No bacilli were found. 


Case 5: (Protocol CH 195), twelve year old white boy; cause of death: rheu- 
matic pancarditis. 

Macroscopical report: There are multiple minute calcified nodules in both 
lungs, the largest, near the hilum of the right lower lobe, about pinhead size, 
and a similar one in the upper half of the left upper lobe; all the others are not 
more than 1 mm. in diameter and are localized especially near the base of the 
right lower and in the lower half of the left lower lobe. Lymph nodes are 
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entirely negative. Close examination of the lung with the help of an X-ray 
photograph (see figure 10) reveals twenty-four firm chalky or calcified foci 
and, in addition, a few small grayish caseated nodules in the right middle lobe 
and lower lobe. Each focus was carefully examined and many slides prepared 
(see figures 11 to 22). Typical alveolar pneumonic structure is present in all 
of them; the surrounding capsules consist of a rather thin hyalin wall; the 
foci are in chalky or more or less calcified state. The fibrosis in the wall is 
occasionally irregular. Caseation in all foci was apparently complete, in- 
cluding even large calibre vessels as visible in elastic tissue stains (see figure 
17). The two largest foci show the most complete calcification in their centres. 
The grayish caseated lesions found in the right middle and lower lobe show 
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caseated lobular pneumonia in very active stage without encapsulation or 
chalky changes. A few of these have typical bronchial and peribronchial 
arrangement (see figure 22). 

All twenty-four calcified or chalky foci were carefully searched for tubercle 
bacilli, but none were found. The grayish nodular caseated lobular pneumonic 
foci in the right lung however contained very many acid-fast bacilli, not only 
in the cheesy foci, but also in some surrounding alveoli, along with endothelial 


desquamation. 

The lymph nodes regional to both lungs including the intrapulmonary 
nodules and all those at the hilum, bronchopulmonary, interlobar, upper and 
lower tracheobronchial, paratracheal, mediastinal nodes and those in the pul- 
monary ligament and in the venous angles, were examined in complete serial 
sections. (It might be of interest to note that, in a bronchial pulmonary 
lymph node at the hilum of the left lung, a phlebolith was found in a vein 
within the capsule of a lymph node. This finding was not indicated on the 
X-ray film.) No tubercle bacilli were seen in sections from all these lymph 
nodes. Especially those draining the right middle and lower lobe were most 
carefully searched for bacilli. 


In none of the 5 cases can there be the slightest doubt that we are 
dealing with healed or healing tubercles, for these foci are chalky or calci- 
fied and correspond in their gross appearance, location and histological 
structure to our conception of a primary focus. Especially in cases 
1, 2 and 3 the foci were apparently completely healed. In the fourth 
case there were thirteen foci of practically the same structure and size, 
with only slight variation in their degree of calcification. In all, the 
alveolar structure of the old caseated focus confirmed the gross diagnosis 
of a calcified tubercle. Of unusual interest is the last case of this series, 
with twenty-four small but typical calcified and chalky fibrous foci, most 
of which were subpleural in position, and with, in addition to these, 
several recent caseated tubercles restricted to the lower part of one lung. 
These recent lesions contained very many tubercle bacilli, while in all 
other foci, which were well encapsulated and in a chalky or calcified 
state, no bacilli were found. These 2 cases with so many primary foci 
are most outstanding, as similar observations of multiple foci without 
any evidence of spread to lymph nodes have not been made to our 
knowledge. It is practically impossible to determine whether each of 
the many foci developed individually—following repeated infection with 
tubercle bacilli from without at times not far apart, or whether the 
process was one of intrabronchial spread from the first lesion in its early 
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exudative stage before caseation or encapsulation had occurred. Most 
significant is the last case (5): the presence of twenty-four calcified or 
chalky fibrous foci of almost identical structure; the absence of tubercle 
bacilli from these, although many slides were examined from different 
levels of each focus; and finally the presence of recent pneumonic tubercu- 
lous lobular lesions containing many acid-fast bacilli. There can hardly 
be any other explanation for this than that a new infection from without, 
which should be designated as reinfection, had occurred, as the old foci 
are in a healed or healing state histologically. This case at least proves 
that multiple healed foci without spread to lymph nodes is an anatomical 
fact. This fact may be interpreted as successful tissue resistance inas- 
much as the primary lesion is restricted to the parenchyma of the lung. 
At the same time it is evident from case 5 that it does not prevent the 
development of additional infection, as the anatomical picture in case 5 
indicates a true reinfection from without. In none of these cases was 
there any evidence of haematogenous seeding and no ‘findings of extra- 
pulmonary primary tuberculosis, the intestinal tract and mesentery 
being especially carefully examined with negative results in all. 

A few similar observations on young adults between eighteen and 
thirty years of age will be reported later. Although we prefer to deal 
with these cases separately we wish to stress that age is not the guiding 
principle for the extent of lymph node involvement in primary tubercu- 
losis; we shall show the same processes effective in all age groups. 


SUMMARY 


Of the 5 cases presented, in 3 the primary focus was in a completely 
calcified state with some marginal bone formation. In the 2 remaining 
cases, multiple foci were found in calcified and chalky-fibrous states dis- 
tributed over all lobes; in one (case 4) their number was thirteen; in the 
other (case 5), twenty-four. No tubercle bacilli were seen in any of 
these foci. However, in case 5 a few small recent caseated acinous 
lesions were present which contained many tubercle bacilli, pointing 
to additional reinfection from without. Although primary tuberculous 
infection in children might restrict itself completely to one or more typical 
parenchymal lesions in the lung without anatomical evidence of further 
spread to regional lymph nodes, additional reinfection leading to intra- 
bronchial spread is not prevented by this apparently successful tissue 
resistance at the site of one or multiple primary foci. All intrapulmonary 
and bronchomediastinal lymph nodes regional to all foci in the 5 cases 
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presented were examined in histological serial sections with negative 
results in all. 
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IV. TRUE TUBERCULOUS REINFECTION IN A CHILD 


It will be shown in a forthcoming paper that our material contains 
several cases of true reinfection in adults, in which the changes brought 
about by the second infection from without consist of a typical complex 
(Ranke) with a caseated single focus and considerable caseation of the 
lymph nodes regional to this focus. The presence of an older entirely 
calcified complex, in some cases in the other lung and lymph nodes regional 
to this lung, is in our opinion sufficient proof that there was no genetic 
connection between the older and the much more recent complex. So 
far, this true reinfection assuming the anatomical picture and course of 
a first infection has not been observed in children. 

We wish to report the findings in a girl eight years, eleven months of 
age, which seems to us of unusual interest in regard to the problem of 
true reinfection in children. Roentgenograms, as in so many of our 
cases, were of immeasurable value in the morphological analysis of the 
case. 


The macroscopical findings were as follows: There are two pea-sized caseated foci, 
well encapsulated, but not notably firm in consistence in the upper third of 
the right upper lobe in subpleural position at the mediastinal surface, about 
2 cm. below the apex. The regional lymph nodes of the tracheobronchial 
group are extensively caseated and are about the size of a date, with softening 
and recent haemorrhages. Distinct tuberculous hyperplasia of a bean-size 
lymph node is seen in the venous angle on this side. There is diffuse tuber- 
culous meningitis with very much exudate on the base and increased amount 
of spinal fluid in the ventricles and basal cysternae and extensive tuberculous 
infiltration of the tela of the third ventricle and the choroid plexus. A few 
scattered miliary tuberculous infiltrates are found in both kidneys. The in- 
testinal tract is negative. The thoracic duct isnormal. The lungs show acute 
emphysema. 

Already on gross inspection a lentil-sized firm calcified focus is felt in the 
middle third of the left upper lobe near the interlobar margin. There are 
thin membranous adhesions between both lobes of the left lung along the 
interlobar surface. An X-ray film shows this focus very well as a whitish 
shadow (figure 1). In addition a very minute whitish nodular patch is seen 
on the X-ray photograph in an area corresponding to the interlobar fissure, 
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about 4 cm. below the former shadow. The lymph nodes regional to the left 
lung, especially between both lobes, those around the hilum of the left upper 
lobe, the left lower tracheobronchial lymph nodes, all are small and slightly 
anthracotic. There is not the slightest evidence of any tuberculous lesion. 
There are no shadows corresponding to calcification in these lymph nodes. 


The findings as described suggested an older calcified lesion in the 
left lung, with no evidence of further spread to the lymph nodes, and 
an entirely typical recent cheesy complex having two recent “‘primary” 
foci in typical location in the right upper lobe. Unquestionably the 
fatal tuberculous meningitis and scattered haematogenous seeding to the 


Fic. 1 


other organs originated within the recent cheesy complex in the right 
lung (see drawing 1). 

Lesions on the right side were easily distinguished. The entire left 
lung was very carefully sliced; the calcified focus in the middle third of 
the left upper lobe was readily found. Corresponding to the other 
whitish shadow, however, only a minute subpleural lymph nodule was 
found, and, on serial section, this failed to show any calcification. (Al- 
though, we could not identify histologically this minute structure ap- 
pearing on the X-ray film like the shadow of a very small calcified nodule, 
we feel from its location that it was a subpleural lymph nodule apparently 
regional to the calcified focus.) 
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Histological report: The focus from the left upper lobe is in typical calcified 
chalky state and somewhat ovoid in shape; the centre shows a typical caseated 


Fic. 2 (upper) Fic. 3 (lower) 


alveolar structure (see figure 2) lined by some palisade-like epithelioid cells. 
The focus is very well encapsulated by a relatively thick hyalin wall. Between 
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the caseated core and the hyalin wall some epithelioid cells are still recognizable. 
Very close to the capsule is a small fibrous satellite-like tubercle with a minute 
chalky centre. 

The minute nodule within the adhesions between left upper and left lower 
lobe was cut in complete serial sections and no tubercles were found; the 
structure is a normal subpleural lymph nodule. Many sections were ex- 
amined for tubercle bacilli but none were seen. ; 

The recent caseated foci in the right upper lobe are typical cheesy tubercles 
with beginning hyalin demarcation (see figure 3). Each focus consists of a 
completely caseated, somewhat soft nucleus; alveoli are well recognizable, 
containing caseated exudate and some huge partly necrotic mononuclear cells. 
A thin hyalin wall is flanked by small epithelioid-giant-cell tubercles. Both 
foci have the same histological structure and both contain very many tubercle 
bacilli within the caseated areas. In the alveoli surrounding the caseated 
areas there is very marked collateral leucocytic exudate with many tubercle 
bacilli. 

The right upper tracheobronchial lymph nodes show extensive caseation 
and recent disintegration with beginning cavity formation. Many epithelioid 
cell tubercles in the periphery of these lymph nodes border the caseated areas. 
Right interlobar lymph nodes show only small epithelioid cell tubercles but 
no caseation. Right lower tracheobronchial lymph nodes show one small 
epithelioid-giant-cell tubercle with minimal caseation. 

The lymph nodes regional to the left upper lobe including all of the broncho- 
pulmonary, interlobar, anterior mediastinal and upper tracheobronchial 
groups were cut in serial sections. Only a few recent epithelioid-giant-cell 
tubercles were found, but no caseation and no scars or chalky changes. Histo- 
logical examination of several scattered isolated tubercles, taken from different 
lobes of both lungs, reveals typical conglomerate tubercles with slight central 
caseation. Similar tubercles were found in the spleen and liver. 


An epicritic comparison of the gross and histological findings shows 
that the oldest focus is unquestionably that in the left upper lobe: this 
focus is completely walled off by a firm hyalin band and is in a calcified 
state. No tubercle bacilli were found in it. All regional lymph nodes 
failed to show any older tuberculous lesions. The very few small 
tubercles found are certainly very recent—they are most probably 
secondary to the huge caseated lymph nodes regional to the right upper 
lobe, as similar tubercles were found in the right lower tracheobronchial 
and right interlobar lymph nodes. The gross and histological picture 
of the two foci in the right upper lobe with the regional lymph nodes 
is that of a typical recent tuberculous complex in apparently most 
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active state. If our conception of the path of tuberculous infection is 
correct, it is hardly conceivable that extensive caseated changes in the 
right upper tracheobronchial lymph nodes could have any genetic rela- 
tionship with the much older fibrous calcified focus in the left upper 
lobe. The fact that no corresponding older, or even merely caseated 
lesions, have been found in all the lymph nodes between the parenchyma 
of the left upper lobe and the lymph node chain regional to the right 
upper lobe appears sufficient proof to us that we are dealing with two 
different lesions established at different times. Neither lymphogenic 
spread nor intrabronchial extension and certainly not haematogenous 
seeding can be the cause for this typical caseated complex with the 
recent foci in the right upper lobe. It must therefore have followed 
a new infection from without. 


SUMMARY 


An unusual single observation is presented in a girl almost nine years 
of age who had died from tuberculous meningitis, originating from a 
typical recent tuberculous complex with two small caseated foci in the 
right upper lobe and extensive caseation with cavitation of all regional 
lymph nodes, including those in the right venous angle. Radiological 


and anatomical-histological examination proved that this complex repre- 
sented an exogenous reinfection or superinfection, as a single older focus 
was found in the midportion of the left upper lobe in a calcified chalky 
state, firmly encapsulated and without histological evidence of corre- 
sponding lesions in the lymph nodes regional to the entire left upper lobe. 
This observation, pointing to the fact that exogenous reinfection alone 
can follow the classical course of a primary tuberculosis with a progressive 
caseated complex, while the true first infection is presented by an older 
calcified chalky pulmonary focus in an apparent state of advanced healing, 
with no evidence of further spread to the regional lymph nodes is, so far, 
most unique in the literature and past experience of pathologists in- 
vestigating tuberculosis in children. 


V. BRONCHIAL OBSTRUCTION IN PULMONARY 
TUBERCULOSIS IN CHILDREN 


Its Relation to Epituberculosis 


IN COLLABORATION WITH ELIZABETH HYDE 


In a foregoing paper on progressive tuberculosis in children we called 
attention to tuberculous lesions of the bronchi in connection with a 
recent caseated primary focus from which these bronchi became infected 
by direct extension into theirlumen. In other cases—our series included 
one of this type—perforation of a bronchus by a bronchopulmonary 
lymph node within the hilum of the lung had established a means by 
which the bronchial tube was infected. In such cases marked intra- 
bronchial spread leading to progressive caseated pneumonia with second- 
ary cavitation is found. In addition to these most disastrous complica- 
tions of primary pulmonary tuberculosis in its early phase, we have made 
in our material several observations in which the involvement of the 
bronchus appeared of much less critical significance so far as the further 
intrabronchial spread with extension to other parts of the lung was con- 
cerned. In these cases, all our observations demonstrated that the most 
impressive concomitant change which resulted from the tuberculous 
process within the lumen of the bronchus was complete atelectasis of 
the corresponding lobe or lobule. If tuberculous lesions were seen 
within these atelectatic areas, they were relatively insignificant, either 
restricted to the bronchial lumina distal to the tuberculous occlusion or 
to small productive tubercles surrounding the walls of caseated bronchi. 
The distinction is indeed great between these changes of more or less 
extensive atelectasis following localized endobronchial tuberculosis and 
the aforementioned progressive intrabronchial spread in connection 
with primary cavities. It seems that for the former type sufficient 
anatomical evidence can be presented, proving that the tuberculous 
process might stay arrested within the lumen of a smaller bronchus and 
may completely heal. The only, or at least most important, patho- 
logical change distal to the occluded bronchus, then, is atelectasis. 

We have mentioned, in the paper on progressive tuberculosis in 
children, that in 3 cases localized atelectasis of the pulmonary pa- 
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renchyma was seen closely around the primary focus and in the adjoining 
peripheral area between focus and pleura. This latter atelectasis 
obviously was due to occlusion of a small bronchus or bronchiole within 
the huge primary focus, while the atelectasis in the close circumfocal 
area could be explained as the effect of mere pressure from the massive, 
acutely caseated Ghon focus. These findings were relatively insig- 
nificant and the anatomical picture in these cases was entirely determined 
by the progressive spread of tuberculous infection leading to fatal miliary 
tuberculosis or to phthisic destruction of the lung tissue. 

In this presentation we wish to deal with postmortem findings which, 
though in part entirely incidental, clearly demonstrate the close inter- 
dependence of tuberculous occlusion of bronchial lumina and lobular or 
lobar atelectasis in the course of primary tuberculosis in children. In 
one case (no. 1) recent diffuse caseation of an entire bronchus was found 
forming the stalk and core of the wedge-shaped or infarct-like atelectatic 
part. This intrabronchial tuberculosis had apparently developed from 
bronchial spread to the mediastinal area of the left upper lobe, from the 
already chalky primary foci, close to the interlobar surface of the same 
lobe. This endobronchial caseated tuberculosis with massive atelectasis 
was anatomically the most impressive and extensive pulmonary lesion. 

In a second case (no. 2), a similar lesion was found, again to a certain 
extent incidentally, and apart from the otherwise typical findings of a 
calcified complex in the right lung with miliary tuberculosis. In this 
case, in the left upper lobe, there was seen a funnel-like retraction of the 
collapsed pleura caused by older, mostly calcified tuberculosis with 
occlusion of a second order bronchus. 

Two other cases (no. 3 and 4) represent a practically healed state of a 
tuberculous lesion within the lumen of a bronchus; in one case repre- 
sented by the primary focus proper; in the other, by old stony lesions 
within bronchi in close relation to a stony primary complex. Whether 
these calcified lesions in case 4 had simultaneously developed or were 
formed some time after the primary complex was initiated, following 
direct, focal, intrabronchial spread during the active phase of the primary 
tuberculosis from a single focus, could be hardly determined. Of more 
significance is the fact that most of these lesions were healed, although 
in some bronchi within the atelectatic area still a few active tuberculous 
lesions were found, but without any evidence of spread to the non- 
collapsed parts or to the lymph nodes. In both cases death was due to 
nontuberculous diseases (traumatic rupture of the spleen; encephalitis). 
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Our attention to these obsolete lesions was called mainly by the distinct 
zross evidence of older atelectasis underneath depressed pleural surfaces. 

Our fifth case, finally, forms a link to the clinical significance of the 
lesions under discussion, namely, to the anatomical basis of the so-called 
epituberculosis or epituberculous pneumonia. Both of these terms were 
rather unhappily chosen but are used so frequently that it hardly seems 
possible to replace them by names which would indicate more correctly 
the underlying anatomical condition. This fifth case was originally 
diagnosed as epituberculous pneumonia and observed over several years. 
[t will be dealt with later in more detail, especially with regard to the 
changing radiological pictures. The four other cases are of pre- 
dominantly anatomical interest, although at least in one of them (case 
2) X-ray examination most probably would have revealed a picture of 
epituberculosis. All of these cases, however, add to our understanding 
of the possible implications and complications from direct or indirect 
involvement of bronchial tubes, especially its relation to atelectasis 
during the active phase of primary tuberculosis, as well as permanent 
damage (collapse induration) from previous complete bronchial 
obstruction. 

There is some personal reason, in addition, for including this contribu- 
tion regarding the significance of bronchial obstruction in tuberculosis in 
children in this series of papers. According to Roessle (1), Ghon and 
Epstein were the first to recognize the significance of atelectasis as the 
anatomical substrate of the clinical syndrome, epituberculosis. In the 
case of a twelve months old infant who died from tuberculous meningitis, 
for four months prior to his death infiltration of the left upper lobe was 
observed. At autopsy a primary tuberculous focus was found in this 
lobe in connection with a bronchus, which latter was involved in a 
markedly caseated ulcerative tuberculous process. Caseation of the 
regional bronchopulmonary lymph nodes was also found. The primary 
focus was surrounded by dense tubercles, but the entire pulmonary 
parenchyma between the tubercles, in this lung, was atelectatic. Epi- 
critically, it was stated by Ghon and Epstein (2) that the anatomical 
change responsible for the X-ray shadow of so-called epituberculosis 
was obturation atelectasis of the left upper lobe, following tuberculosis 
of the major bronchus leading to this lobe and compression atelectasis 
around the primary focus. 

Roessle (1) recently reported the unusually large material of 8 cases, 
in most of which the clinical diagnosis of epituberculosis had been made 
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and a series of X-ray photographs had been taken. Some of these 
children died several years later from tuberculous meningitis after the 
initial condition of epituberculosis had completely disappeared. In 
most of Roessle’s cases, the mechanism responsible for the clinica! 
picture of epituberculosis was compression of a large bronchus by a 
group of caseated lymph nodes. These alone are called by Roessle the 
“clean” cases, or those in which the massive shadow had appeared 
gradually, but completely, under clinical observation, and in which also 
anatomically complete healing resulted. In these cases the state of 
atelectasis is exclusively dependent upon pressure of an enlarged lymph 
node on the bronchus without any specific lesion in the wall or lumen of 
this bronchus. The atelectasis therefore is a pure noninfected resorption 
atelectasis, which is readily reducible, and may completely disappear 
parallel with the regression of the enlarged caseated lymph nodes. 
According to Roessle, no typical case of epituberculous pneumonia has 
been observed without marked caseation of lymph nodes. Moreover, 
it has been shown, in clinical experience bearing out these anatomical 
findings, that typical X-ray shadows of epituberculosis are often ob- 
served in areas separate from the primary focus itself. Only in a few 
cases of Roessle’s material, called “unclean,” perforation of a lymph node 
into a bronchus was followed by tuberculous lesions within the atelectatic 
parenchyma. The ideal result of complete anatomical healing cannot 
be expected, according to Roessle, in the “unclean’’ casesin which atelecta- 
sis was caused by perforation of a caseated lymph node into a bronchus 
with tuberculous endobronchitis. The statement of Roessle that 
roentgenological recognition of atelectasis is less universal than its 
actual clinical frequency and his emphasis on its marked prognostic 
and pathogenetic significance has perhaps less justification to-day than 
a few years ago when it was made. His material, however, proves the 
immeasurable value of extensive anatomical control in clinically well 
studied and correctly diagnosed cases of epituberculosis. 

The few anatomical contributions to the subject of epituberculosis up 
to 1936 have been critically reviewed by Roessle (1). It is of interest 
to learn that several clinicians, Assmann and Duken in particular, sug- 
gested that the massive homogeneous shadows, characteristically seen in 
epituberculosis, are due to atelectasis and not to tuberculous pneumonia, 
as originally believed, nor to nonspecific chronic inflammation as held 
by Eliasberg and Neuland who introduced the terminology—epitubercu- 
lous infiltration of the lungs in tuberculosis in infants and children. 
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Wallgreen (2), Fleischner (3) and Coryllos (4) also were of the opinion 
that some cases with epituberculous infiltration had no parenchymal 
tuberculosis as basis, but atelectatic congestion from bronchial stenosis 
due to pressure by enlarged tuberculous lymph nodes. Westermark (5) 
feels that in tuberculosis of adults bronchial occlusion is much more 
common than it was generally believed. Morlock, Pinchini and Scott 
(1) have proved by bronchoscopic examination that in epituberculosis an 
enlarged tuberculous bronchopulmonary lymph node can occlude com- 
pletely a major bronchus. In spite of these clinical and anatomical 
facts, many if not most of the pediatricians feel that epituberculosis is a 
real tuberculous pneumonia which heals by resolution or organization. 
This view has been expressed more recently also by Oppenheimer and 
deBruin. While in Oppenheimer’s paper (6) there is no mention of 
atelectasis, deBruin (7) has seen one case in which only atelectasis was 
found due to blocking of the bronchus by a primary focus. It should 
be emphasized, however, that organization of a pneumonic area still 
would leave a radiographic density in the epituberculous pneumonic 
field, whereas the reappearance of a completely clear radiological field 
coincident with reventilation of the lobe with the massive shadow is 
considered the very characteristic feature of many cases of epi- 
tuberculosis. 


CASE REPORTS 


Case 1: (CH 157) White female of two years of age (see paper II, drawing 
23 on plate 2). 

Anatomical findings: Several cheesy chalky foci were seen near the inter- 
lobar margin in the middle third of the left upper lobe and in the left lower lobe 
near the hilum. There was extensive caseation of the lymph nodes regional 
to the left lung, tuberculous meningitis and miliary tuberculosis in the liver 
and kidneys. 

In this case a wedge-shape area of collapse was found at the mediastinal 
surface of the left upper lobe, surrounding a rather firm caseated focus which 
apparently was within a bronchus leading to the collapsed area. Sections 
were taken through the entire atelectatic area with the adjoining air contain- 
ing lung tissue. The accompanying pictures (see figures 1, 2 and 3) illustrate 
the findings clearly: in the centre of this area, a pencil-like bronchus is oc- 
cluded by caseated material. Part of the wall of the bronchus is completely 
destroyed, the mucous membrane is preserved only in smaller areas. The 
entire distal portion and part of the surrounding area show complete collapse. 
The peripheral bronchus, cut longitudinally is entirely collapsed and empty. 
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There are, however, a few tubercles within the collapsed atelectatic area, some 
f them very clearly in the mucosa of the collapsed peripheral bronchus. A 
few others are present in the wall of a smaller bronchus, apparently in direct 
connection with the larger bronchus described above. The tuberculous 
process within the parenchyma is mostly productive; there are a few Langhan’s 
giant cells around epithelioid cells but no caseation whatsoever outside of the 
smaller bronchi described above. Additional sections, taken through the 
atelectatic area show again only a few epithelioid cell tubercles with Langhan’s 
giant cells surrounded by a large number of lymphocytes. It is our impression 
that the changes are brought about by peribronchial spread, as the bronchi 
themselves and bronchioles are not uniformly involved. 


Epicrisis: In this case of progressive primary tuberculosis with haema- 
togenous dissemination, focal extension to a large-calibre bronchus in 
the left upper lobe with complete caseation, endobronchiolitis and 
occlusion has lead to very distinct collapse in the area drained by this 
bronchus. Only the microscope revealed that there was also spread of 
tuberculosis within the atelectatic area, although, by comparison, of 
slight degree and productive in type. 


Case 2: (CH 357) Colored female twenty-one months of age (this case is not 
included in the paper on Progressive Tuberculosis in Children, we therefore 
give the anatomical report more completely and in detail). 

Anatomical findings: There was a calcified complex in the right lung in 
chalky state with miliary tubercles in lungs, liver and spleen and tuberculous 
meningitis. There was in addition a small calcified chalky focus in lower 
third right lower lobe, about lentil-sized, and a second chalky focus of the 
same size in the lower third right upper lobe. Extensive chalky changes 
were found in bronchopulmonary, lower and upper tracheobronchial lymph 
nodes on the right side. One left upper tracheobronchial lymph node was 
also markedly involved with chalky tuberculosis. At closer gross inspection 
of the left upper lobe, a very distinct area of collapse was found, measuring 
about 2 cm. in diameter, with marked depression and retraction of the centre 
of this area, leading apparently to an obstructed calcified or chalky bronchus. 
The bronchopulmonary lymph node attached to the main bronchus of the 
left upper lobe was firmly adherent to the bronchial wall and was in a diffuse 
chalky state. This entire area was embedded and examined in serial sections, 
including the adjoining well aerated parts of the lung above and below the 
collapsed parts (see figures 4 and 5). Histological examination of the entire 
specimen reveals a more complicated picture than in the first case: a small 
cheesy chalky focus is found in the retracted portion entirely surrounded by 
completely organized fibrous tissue, where hardly any pulmonary structure 
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can be recognized. The lymph node regional to this focus shows diffuse 
chalky changes and is surrounded by hyalinized fibrous tissue which is closely 
ittached to a large-calibre bronchus especially at its posterior wall. The 
adjoining bronchus is completely collapsed, its lumen is filled with inspissated 
mucoid secretion. Next to this bronchus anteriorly, there is a second large- 
‘alibre bronchus, apparently a branch of the former, the lumen of which is 
completely occluded by exudate consisting of leucocytes, fibrin and many 
mononuclear cells. Several parts of the lining mucosa are destroyed and 
replaced by tuberculous granulation tissue which forms a few conglomerate 
tubercles with epithelioid cells and Langhan’s giant cells projecting into the 
lumen and fused with the exudate. Two small chalky concrements are in- 
cluded in the exudate (figure 5). There are other areas where the lining is still 
recognizable, and there are typical epithelioid cell tubercles in the mucosa of 
the bronchus. The collapsed area lateral to the bronchus shows the lobular 
pattern preserved containing bronchioli with fibrino-purulent exudate in their 
lumina. Many alveoli show the well known gland-like appearance, as observed 
in chronic interstitial pneumonia; their lumina containing a few alveolar 
phagocytes. In some of the lobules especially in their proximal areas epithe- 
lioid cell tubercles are seen. The interstitial fibrosis between atelectatic 
alveoli and lobules is very marked. Signs of endobronchial focal tuberculosis 
are found as well in relation to the primary focus and in the right lower and 
right upper lobe, with localized lobular atelectasis and interstitial fibrosis. 


Epicrisis: We have therefore in this case a combination of atelectasis 
from obstruction of the bronchus by caseated tuberculosis, and ap- 
parently also fibrino-purulent nonspecific exudate as well. At the same 
time, it cannot be excluded that there was also pressure upon the major 
bronchus from without by the enlarged caseated lymph node in the early 
phase of the infection. The atelectatic area shows only little specific 
changes, the nonspecific bronchiolitis and interstitial pneumonia in 
atelectasis are the foremost histological features. 


Case 3: (B.G.H. 3111) Boy, fifteen years of age, death from traumatic rup- 
ture of spleen. 

At autopsy, an incidental finding was a calcified chalky complex with a 
primary focus, pea-sized, and completely calcified, within an obliterated 
bronchus of third order in the right upper lobe in its medium third. The 
bronchus leading to this focus was moderately dilated, as seen in the accom- 
panying drawing (figure 6), and localized collapse of the lung tissue lateral to 
the obliterated bronchus was also found. The regional upper tracheobronchial 
and paratracheal lymph nodes showed very marked chalky calcified changes; 
one tracheobronchial node was almost the size of a small date. The entire 
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calcified structure representing the occluded bronchus, along with part of the 
adjoining lung tissue and especially the entire lateral area, was cut in selected 
series of serial sections in vertical direction to the occluded bronchus. The 
drawing indicates distinct depression of the pleural surface corresponding to 
the atelectatic part. 

Histologically, the lumen and bronchus are entirely replaced by a firm 
calcified stone, part of which is lined by bony tissue, containing fibrous and 
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cellular marrow which evidently grows in from the surrounding fibrous capsule. 
The area around the obliterated bronchus shows rather marked fibrous tissue, 
but the accompanying vessels are well preserved and one smaller bronchus is 
distinctly dilated. A section taken more laterally and somewhat obliquely 
through the bronchus shows a similar picture of an oblong bony focus (see 
figure 7), filled mostly with fibrous granulation tissue and a few foreign body 
giant cells showing active resorption of the stony nucleus. Again there is very 
marked and massive fibrosis and hyalinization of the area surrounding the 
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bronchus including a fairly wide area of original parenchyma. Where air 
containing lung tissue joins the fibrous tissue, it shows compensatory em- 
physema. The section more laterally shows the infolding of the pleura and 
almost complete localized atelectasis above the distal part of the calcified and 
partly ossified bronchus; here the capsule is firm and hyalin but less wide 
than in the more medial cross section. 


Epicrisis: This incidental finding shows grossly a state of old restricted 
atelectasis with collapse induration in very clear dependence upon a 
calcified primary focus which occludes completely a third order bronchus. 
The localization of the primary focus is noteworthy; it apparently 
started within the lumen of the bronchus of third order or extended into 
it. In our material, however, this is not altogether unusual. 


Case 4: (CH 209) White boy, seven years old; cause of death acute brain 
swelling, encephalitis. 

Incidentally, at autopsy the following tuberculous lesions were found: a 
lentil-sized calcified focus in the basal part of the right lower lobe near the 
anterior surface; a few bronchopulmonary and especially upper tracheobron- 
chial and paratracheal lymph nodes on the right side showing very extensive 
chalky changes along with firm calcification. In the right middle lobe and 
in the upper half of the right lower lobe a few firm chalky pencil-like foci in 
calcified or fibrous chalky state were seen and felt, apparently corresponding 
to calcified bronchi. The lung tissue in these areas and especially lateral to 
these firm foci showed very marked fibrosis and distinct depression of the 
pleural surface (see figure 8). Sections taken from the right lower lobe and 
right middle lobe show all the same picture. There is complete replacement 
of the bronchi by huge calcified bony stones indicating by their shape, course 
and width the size of the original bronchus. Surrounding tissue shows a very 
marked hyalinization with considerable disappearance of lung tissue. There 
is very much lymphoid marrow within the body of the foci. In some areas 
these bronchi are directly covered by the markedly thickened pleura under- 
neath which there is not the slightest lung tissue to be recognized (see figure 9). 
The marked atelectasis with extensive fibrosis within the atelectatic area is 
even more pronounced in the tissue taken around the obliterated calcified 
bronchus from the right middle lobe (figure 10). Closer to the hilum only 
the markedly distended vessels and bronchi not involved in the tuberculous 
process are seen. The surrounding tissue shows practically complete indura- 
tion following atelectasis. It is of interest to note that some of the bronchi 
close to the major bronchus show more recent caseated tuberculosis with 
complete destruction of the entire mucosa and distinct and typical tuber- 
culous granulation tissue with much caseated exudate filling the lumen (see 
figure 11). 
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Epicrisis: This case not only shows practically final states of obtura- 
tion of larger bronchi of second and third order following intrabronchial 
tuberculosis, but it also shows continued intrabronchial spread within 
two lobes of the right lung, apparently depending upon the location of 
the primary focus and its intrabronchial progression. However, there 
were no signs of further spread into the parenchyma; the histologically 
still active lesions were detected only incidentally in contradistinction 
to the localized atelectasis corresponding to the calcified bronchial 
tubes which could be recognized grossly. 


Case 5: (B.G.H. 2437) Two year old boy, born April 3, 1928, was admitted 
to the Buffalo Children’s Hospital April 21, 1930. The diagnosis on admission 
was: chronic otitis media, pharyngitis, tonsillitis, cervical adenopathy with 
abscess formation. The child had had since March 15, 1930 a small swelling 
under the right jaw; this, on April 18, began to increase considerably. There 
was no further past history. There were a number of intimate family contacts 
with tuberculosis. On April 22, 1930 an X-ray film of the chest was made with 
the diagnosis: “‘Area of consolidation in right upper lung and dense infiltration 
as well. Looks like an epituberculous pneumonia.” On the 24th a tuberculin 
test (0.01) was positive (3+). It was thought that the cervical adenopathy 
might be of tuberculous origin, and pus was cultured, but Streptococcus haemo- 
lyticus was isolated. Smears were made and were negative for acid-fast 
organisms. A culture of stomach contents was made on Petroff’s medium 
and was also negative for tubercle bacilli. The child remained in the hospital 
for two months during which time he showed two rashes, one a scarlatinal rash 
with high fever, the other rash suggestive of varicella. With the exception 
of these episodes the temperature remained within normal ranges during his 
stay at the Children’s Hospital. There was no notable loss of weight. The 
general condition of the child, however, was only fair. It was noted on the 
chart (May 15, 1930) that the cervical abscesses were draining and the general 
condition was poor. Another X-ray film was made (June 4, 1930) and it was 
felt that the area of pneumonia was beginning to clear. However, the child’s 
general condition was such that the case was sent to the Sanatorium at Perrys- 
burg for treatment. 

On admission to the J. N. Adam Memorial Hospital at Perrysburg! the 
following notes were made: “General condition, fair; tuberculin, markedly 
positive; physical examination negative except for the chest and neck; in the 
chest dulness in right upper third, bronchial breathing right upper anterior 
and rales; a few riles in left chest; lymph nodes in the neck enlarged, two 
draining with sinuses.” The cervical adenopathy and abscesses were thought 


1] wish to thank Drs. LoGrasso and Taylor for furnishing the patient’s chart and for 
their permission to use the X-ray photographs. 


76 ANATOMICAL STUDIES ON TUBERCULOSIS 


to be of tuberculous origin. The diagnosis on admission was acute pneumonic 
tuberculosis (?). The child remained in this hospital for three years. During 
this time he made a steady improvement: gradual improvement in general 
condition, steady gain in weight, gradual, but finally complete healing of the 
cervical nodes, leaving well healed scars and split-pea-sized lymph nodes. 
Physical findings also diminished gradually, but there was always slight dulness 
of the right upper field. 

X-ray photographs were taken at regular intervals during the stay at Perrys- 
burg. These can be well correlated with the clinical history, and they show 
with remarkable clarity the course of the tuberculous process. The following 
is an analysis of the X-ray series, selected from the entire series (postmortem). 
July, 1930—Right upper field shows considerable density with the exception 
of the uppermost lateral area (figure 12). December, 1930—The air-con- 
taining tissue in the upper field on the right side appears more reduced. Oc- 
tober, 1931—Whitish shadows, pointing to chalky changes or calcification, 
paravertebral in position, at and above the hilum of the right lung, in addition 
to the dense shadow described above (figure 13). April, 1932—The calcifica- 
tion is more prominent, the dense shadow in the right upper field is more 
intense, but more superior in position, as if it were pushed up by the expanding 
lung below. October, 1932—The upper field appears again air-containing 
except the paravertebral field corresponding to the hilum and the most superior 
medial field within the cupola (figure 14). August, 1933—Only a localized 
density above and lateral to the calcified structures in paravertebral position. 
The calcified shadows, however, are considerably reduced in size; otherwise 
the entire right pleural cavity appears normally aerated (figure 15). In the 
series as a whole, the dense area in the right upper field can be seen to grow 
smaller in size and more superior in position; calcification appears increasingly 
clear in each succeeding photograph. 

At the end of three years the child was discharged from the Perrysburg 
hospital and went home (September 9, 1933) in good condition. After re- 
maining at home for the next five weeks, he was readmitted to the Children’s 
Hospital. At this time it was reported that he was listless, drowsy and had 
had headache for a week previous to admission. He was unable to stand. 
On admission the physical findings were rigidity of the neck and drowsiness. 
The child complained of frontal headache. Spinal fluid showed 200 to 300 
cells, globulin 3+; no tubercle bacilli were obtained from culture. The 
diagnosis of tuberculous meningitis was made. The child expired October 30, 
1933, following admission on October 20, 1933. 

The following observations were made at autopsy: The body is that of a 
male child five and one half years of age in normal state of development. 
There is extensive calcification of all upper tracheobronchial lymph nodes on 
the right side. There is unusually marked fibrotic atrophy of the right upper 
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lobe, which is about the size of a large cherry, apparently due to complete 
collapse induration, following calcific obliteration of its main bronchus. 
There are complete adhesions between the fibrotic remnant of the right 
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upper lobe and the interlobar surface of the right middle lobe and parietal 
pleura and apex of the right lower lobe. A few, calcified, pinhead-size 
nodules are found in the thickened pleura between the right upper and middle 
lobes. Calcification and fibrous cheesy changes are noted in one bean-sized 
lymph node in the angle of the innominate vein. The pleura of the right 
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middle lobe and the pericardial sac are completely adherent. There is an 
acute diffuse tuberculous meningitis. Very few miliary tubercles are seen 
in the liver which shows distinct central fatty degeneration. The intestinal 
tract is free. 


Epicrisis: In a boy, at the age of two years, an epituberculous pneu- 
monic condition in the right upper lobe was diagnosed according to the 
X-ray picture. The tuberculin test was positive; at no time were 
tubercle bacilli recovered from sputum or stomach content. During 
the course of three years this condition improved steadily and ultimately 
the radiological shadow of the right upper field disappeared almost 
completely. The boy died entirely unexpectedly from tuberculous 
meningitis after a long period of excellent health. At autopsy, the main 
bronchus leading to the right upper lobe was entirely obliterated by 
calcified granulation tissue and was closely surrounded by firmly calcified 
chalky lymph nodes. The entire right upper lobe itself had shrunk to a 
fibrotic remnant the size of a cherry. This indurated remnant was 
adherent by very firm fibrous membranes to the interlobar surface of 
the middle and lower lobes which in turn were adherent to each other 
forming practically a single lobe. The adherent middle and lower lobe 
filled almost entirely the right pleural cavity; its apex had expanded 
to the level of the fibrotic remnant of the right upper lobe. The medial 
part of the pleural dome was fixed by firm adhesion bands, practically 
immobilizing the remnant of the right upper lobe. Upper tracheo- 
bronchial lymph nodes were entirely calcified and fused with the wall of 
the right major bronchus and especially with its main branch to the 
right upper lobe. These represented the regional lymph node changes 
to three primary, calcified, subpleural parenchymal lesions which were 
found in the firmly thickened fibrotic tissue very close to the pleural 
adhesions with the right middle lobe. The main bronchus of the right 
upper lobe was completely occluded very close to its exit from the major 
bronchus and appeared shortened in its course toward the fibrotic upper 
lobe. The accompanying drawing (figure 16) was made from the macro- 
scopical description and the radiograph (figure 17) of the undissected 
lung. As this marked fibrotic collapse atrophy appeared most unique, 
the entire specimen was set aside for the museum. Unfortunately it 
was lost and histological description of the fibrotic upper lobe cannot be 
given in this report. 

In correlating the clinical history with the series of X-ray photographs, 
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taken over the three years’ course of the disease (from onset to ashort 
time before death), and with the anatomical findings in the right pleural 
cavity and mediastinum, it is clear that we are dealing with lobar atelecta- 
sis of the right upper lobe following complete bronchial occlusion from 
extension of a tuberculous lymph node process to the lumen of a main 
bronchus. Most probably this occlusion occurred at a time at which 
the upper lobe was already fixed medially to the markedly enlarged 
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upper tracheobronchial and paratracheal lymph nodes. This tubercu- 
lous perilymphadenitis, resulting in adhesions with the upper lobe and 
mediastinal surface has been observed not infrequently in the active 
phase of a primary complex in children. Still more pleural adhesions, 
possibly in connection with the subpleural site of the primary tuberculous 
foci in the right upper lobe, united this lobe firmly to the interlobar 
surfaces of the right lower and middle lobe. It seems of interest to note 
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that at no time was there evidence of open tuberculosis of the lung. 
No tubercle bacilli were found; no progression to other parts of the lung 
was observed. The gradual disappearance of the massive radiological 
shadow took place in conjunction with the continuous good condition 
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of the child: he gained weight and showed no signs of impairment of 
his normal physical development. At autopsy, the tuberculous process 
in the lumen of the bronchus and in the small parenchymal foci, as well 
as in the bulk of the tracheobronchial lymph nodes, appeared entirely 
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healed in their firm calcified state. The only still active tuberculous 
lesion in connection with the original pulmonary infection, which had 
started three years previous to death, was partial caseation of a lymph 
node near the right venous angle in orthograde direction from the large 
calcified complex changes. But even part of this lymph node was firmly 
chalky. From its caseated portion, apparently by the process of so-called 
endogenous exacerbation, haematogenous seeding had lead rather sud- 
denly to fatal tuberculous meningitis after an interval of considerable 
length in which the boy had appeared in good health. 

The extreme reduction of the size of the right upper lobe as a result of 
fibrotic induration and absence of extensive calcification within this 
lobe, aside from the small subpleural Ghon foci, seems to indicate that 
the occlusion of the bronchus was not followed by massive caseation 
within the lobe. Caseated tuberculous pneumonia would render pul- 
monary tissue incapable of such extreme collapse; only previously un- 
damaged tissue could collapse to such a degree. Fibrotic induration is 
secondary to complete persistent bronchial occlusion with retention of 
secretion and nonspecific inflammatory changes followed by fibrous 
organization. 

COMMENT 


In surveying briefly the anatomical findings of this series of five cases 
with bronchial occlusion in primary tuberculosis in children, the following 
facts seem noteworthy. Obstruction atelectasis can be brought about 
by the primary focus proper if it occludes a second or third order bron- 
chus, as in case 3 of our series; and by intrabronchial extension during 
the active phase of the primary complex as in case 4, in which it was 
near the primary focus, and in case 1, in which it was quite apart from 
the focus. Even in cases with multiple primary complexes one of these 
can lead to obturation atelectasis in one lobe, while in the other lobe 
the complex might be entirely typical (case 2). The fifth case proves 
that the clinical and roentgenological picture of epituberculous pneu- 
monia can result from obturation atelectasis, following complete ob- 
struction and obliteration of a main bronchus secondary to caseated 
tuberculosis of peribronchial lymph nodes. 

We therefore agree with Roessle that atelectasis is the morphological 
substrate of the massive shadow in epituberculous pneumonia. In our 
cases it followed complete obstruction of the bronchus, although it is 
possible that this might have been preceded by pressure upon the 
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bronchus from the closely attached enlarged lymph nodes. There are 
no findings in our material to support the view that nontuberculous 
pneumonia is a cause of so-called epituberculosis. Organization of a 
specific or nonspecific pneumonic process without preceding atelectasis 
could not lead to such an extreme shrinkage of an entire lobe as found in 
our case number 5, in which the compensatory expansion of the right 
lower lobe had finally lead to an almost normally aerated radiographic 
field in the right chest. In addition, our cases 3, 4 and’5 illustrate the 
remarkable tendency to fibrotic or calcific organization and obliteration 
with apparent healing of tuberculous lesions within the bronchial tube. 
There seems to be no complication by further spread with caseated 
pneumonia within the collapsed area, even if the bronchus is plugged 
with bacilliferous caseated exudate and tissue. The atelectatic im- 
mobilization apparently prevents a continuous massive intrabronchial 
infection and especially the extension to other parts of the lung. The 
relative lack of oxygen within the collapsed lung from which all air has 
been resorbed is generally considered an important factor in inhibiting 
growth of tubercle bacilli (Coryllos (8)) and promoting fibrous 
organization. 

In addition, our material seems to support the opinion of Reichle 
and Frost (9) that tuberculosis of the major bronchi usually is brought 
about by contiguous extension from the peribronchial lymph nodes or 
by continuous intrabronchial spread. However, as our cases 2 and 4 
indicate, this intrabronchial spread is of much less serious significance 
if preceded by atelectasis than in cases with open primary or secondary 
cavities where the bronchus is not occluded. The clinically so impressive 
finding of the mediastinal shift to the collapsed side can be expected 
only if the major bronchus leading to the entire lung is occluded. In 
our case number 5, the occlusion affected the bronchus of the upper lobe 
only. This case resembles somewhat one postmortem observation made 
in a female, thirty-four years of age, several years ago in our laboratories. 
In this case, which has been published by my associates Doctor Sanes 
and Doctor Smith (10), apparently many years previous to death (at 
the age of twenty-three years) occlusion of the right major bronchus 
had occurred from extension of the caseated tuberculous process in the 
lower tracheobronchial lymph nodes and was followed by collapse 
induration of the entire right lung. In this case, as well as in our case 5, 
the massive tuberculosis of the tracheobronchial lymph nodes was part 
of a tuberculous complex of primary character. 
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Finally, a very recent experience made while this paper was in prepara- 
tion, furnishes additional proof for the pathological significance of 
bronchial occlusion in sudden occurrences of massive roentgenological 
shadows of lobar character in children. We wish to give only brief 
notes at this time, since it is intended to report this case more in detail 
after the child has been observed for a longer period. 

The specimen, called foreign body, removed from the bronchus, was 
received in our laboratory for histological examination. It consisted of 
three minute fragments of grayish white tissue. Clinically, the nature 
of this material was entirely unclear. It was thought that it might 
consist of aspirated fruit particles. The histological examination (see 
figure 18) revealed distinctly caseated structures with beginning fibrous 
replacement. A small number of typical tubercle bacilli could be found 
within the caseated material. Elastic tissue stains proved that the 
caseated structure was lymph node tissue and not pulmonary parenchyma. 


The following history was obtained: a three year old girl was admitted on the 
20th of February, 1939; two weeks before admission the parents had noticed 
wheezing on inspiration and expiration. However, the child did not appear 
ill. Her complaints started about one week previously, when she had severe 
cough; as the cough continued, a roentgenogram was taken, and the following 
report was given by Dr. Clifford Orr. ‘Upper lobe, on the right, distinctly 
outlined by marked increase in density. Through this density lung fields can 
be indistinctly seen with exaggerated linear lines. Middle lobe well aerated. 
Diaphragm in normal position. No evidence of foreign body. The X-ray 
diagnosis: Consolidation of the right upper lobe—atypical of pneumonia 
because of its density, but also atypical of atelectasis because of lack of dis- 
placement of mediastinum and diaphragm.” (See figure 19.) 

A bronchoscopic examination was suggested by Doctor Orr. At broncho- 
scopy, a foreign body covered by a great deal of pus was found in the upper 
right bronchus by Doctor Bozer. A cough blew this foreign material up, and 
it was expectorated during the examination. The right major bronchus 
appeared markedly inflamed. 

Physical examination showed an area of diminished breath sounds and 
dulness above the upper half of the right chest but no rales. Only for two 
days immediately following the bronchoscopic examination was there slight 
temperature, between 99° and 102°F., thereafter the temperature was normal. 
The child was discharged on the 24th of February, 1939. The dulness of the 
right side had diminished and the breath sounds had become more normal; 
there was, however, a loud ronchus heard all over the chest both on inspiration 
and expiration. A roentgenogram taken three months later showed only a 
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relatively narrow, somewhat oblique band of density apparently corresponding 
to the lowest part of the right upper lobe. It was entirely in the upper portion, 
and the field corresponding to the middle lobe and lower lobe appeared entirely 
clear (see figure 20). During this whole period the child appeared to have 
been in very good health, developing entirely normally. 


As far as we know, this is the first observation in a child, in which the 
tuberculous nature of lymph node tissue occluding a major bronchus 
could be proved by histological examination in a most recent state. It 
is intended to present a series of X-ray photographs of this case in the 
near future after the radiological density in the right upper field has for 
the most part or completely disappeared. 

There is one case in the more recent literature, reported by Fleischner, 
in which necrotic connective tissue, infiltrated by leucocytes and con- 
taining confluent caseated epithelioid giant cell tubercles, was expecto- 
rated from the bronchial lumen in a forty-five year old man. In this 
case, however, the sputum for some time contained tubercle bacilli, 
although the condition of the patient improved almost immediately 
following the release of the bronchial occlusion by the expectoration of 
caseated tuberculous lymph node material. 

The pathogenesis of the bronchial occlusion in our chance observation 


appears very clear and apparently identical with that discussed above in 
our case 5 and in the case of Sanes and Smith: direct extension of the 
acute caseated tuberculous process within the enlarged lymph node 
through the wall of the bronchus into its lumen. It can be safely 
expected that the lymph node from which this caseated sequester escaped 
into the bronchial lumen is part of a typical primary tuberculous 
complex. 


SUMMARY 


The close interdependence of occlusion of bronchial tubes by tubercu- 
lous granulation tissue and lobar or lobular atelectasis in the course of 
primary tuberculosis in children is demonstrated by postmortem findings 
in 5 cases. In 2 of these, recent stages were found with massive caseated 
endobronchial tuberculosis and complete atelectasis of the corresponding 
lobules. In 2 others, calcified lesions were present within the lumen of 
third-order bronchi representing healed states of a Ghon focus and 
additional calcified and ossified intra-bronchial lesions in close relation 
to the primary focus. The corresponding lobules showed old collapse 
induration with funnel-like retraction of the pleural surface. In the 
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fifth case, diagnosed as epituberculous pneumonia of the right upper 
lobe, which was observed over several years with series of X-rays films, 
until shortly before death, extreme collapse induration was found at 
autopsy with extreme shrinkage of the entire right upper lobe due to 
calcific occlusion of its main bronchus. In another clinical observation 
of a typical epituberculous pneumonic shadow in a child three years of 
age, soft particles were expectorated from the bronchus leading to the 
involved lung during bronchoscopic examination. These, microscopic- 
ally, proved to be caseated lymph node structures containing tubercle 
bacilli. The child’s subjective condition returned to normality within 
afew days. The massive shadow has decidedly cleared up in the course 
of three months. The anatomical findings here presented do not support 
the view that epituberculosis is a true tuberculous pneumonia which 
heals by resolution. They confirm, in part, the view stressed by Roessle, 
that atelectasis is the anatomical substrate of so-called epituberculous 
pneumonia. This atelectasis is caused by complete obturation of 
bronchial lumina with specific tuberculous structures. 
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VI. RECENT PRIMARY TUBERCULOSIS IN ADULTS 


That primary tuberculosis may occur at any age and not only in 
childhood has been already pointed out by Kuess (1) in his well known 
monograph on “heredity” in tuberculosis. He thought, however, that 
the law of adenopathie similaire is less characteristic in older people, 
that is, that the lymph node changes regional to the primary focus are 
slight in comparison with those found in childhood. Blumenberg (2) 
went so far as to deny that the law of Parrot holds in primary tuberculo- 
sis in adult life; he even stated that, already with increasing age in child- 
hood, the regional lymph node changes are definitely less marked. This 
statement however was by no means generally accepted. Schuermann 
(3) found in his large postmortem material that age does not seem to 
influence the extent of the caseated lesions in the focus and lymph nodes 
forming the primary complex. Ranke and Hart (4, 5) had previously 
pointed out that a primary cheesy complex with haematogenous gen- 
eralization occurs independently of age; not only did they find this pic- 
ture in adults, as well as in children, but they also found phthisis of the 
lungs in both children and adults. Ghon and Roman (6) expressed the 
same opinion based on a very large postmortem material. Ghon in 
collaboration with Pototschnig (7) reported 4 cases of late initial infec- 
tion in adults presenting a typical primary complex and progressive 
haematogenous generalization. In these cases the ages were twenty- 
three, twenty-six, thirty-four and forty-two years. A few similar cases 
have been reported by Puhl (8). 

We may assume, however, that such findings have been considered 
exceptional until quite recently, particularly from Schuermann’s studies 
in which more than 90 per cent of all individuals below the age of eighteen 
years had anatomical evidence of a primary tuberculous infection. We 
are well aware that a complete anatomical search of the lungs, broncho- 
mediastinal lymph nodes and intestinal tract with mesenteric lymph 
nodes is mandatory in every case in which an apparently recent tu- 
berculous infection with a caseated or cheesy-chalky complex is found. 
Schuermann has pointed out that caseation with firm cheesy primary 
complexes or more recent caseation in individuals beyond the fiftieth 
year is suspicious of reinfection. To amplify this statement of Schuer- 
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mann from our own experience which includes also cases from earlier 
decades (from the twentieth to fiftieth year) every case in adults in 
which an apparently recent complex is found requires thorough anatomi- 
cal examination with the indispensable help of roentgenograms to con- 
firm that this is really the only, and therefore oldest, complex. It seems 
possible that even some of the few cases of late primary infection cited 
above from the literature might have harbored a small healed complex 
or focus so difficult to find as to be missed without the aid of X-ray films. 
There are so far only a few reports of cases of late primary infection 
which are sufficiently controlled by all available means of anatomical 
examination. No radiological examination is mentioned in the cases of 
Ranke, Ghon and Potoschnig, and Puhl. 

The paper written on late primary infections in adults by Ragnotti 
(9) includes 36 instances among 4,000 autopsies. Of these, some might 
be challenged; 6 cases might be omitted, as they are under the age of 
eighteen; in 6 others, in our opinion, the anatomical findings are not 
complete enough to warrant the diagnosis. Apparently only in a few 
of these cases was roentgenological examination carried out. The 
anatomical report in about 20 cases otherwise may well correspond to a 
recent primary complex in an adult. Ages in these cases vary from 
nineteen to thirty years, from 5 cases between thirty and forty seven 
years in addition. In 9 cases of this series early or protracted haematog- 
enous dissemination had occurred. Better controlled are a few cases 
with recent primary complexes in adults of thirty eight and forty years 
reported by Frimann-Dahl (10); in some of their cases progressive tu- 
berculosis in direct connection with the primary complex had developed. 

Before presenting our material, which consists of a considerable 
number of recent, or fairly recent, primary complexes with or without 
further spread through lymph or blood channels, we wish to call atten- 
tion to tables 1 and 2. Table 1 shows the incidence of tuberculous lesions 
in our postmortem material, and table 2, the criteria which we accept as 
indicative of the relative age of the lesions. It is evident that absence 
of any tuberculous lesion, focus or complex, in individuals above the 
age of forty years should be regarded as exceptional. Since the number 
of autopsies is small, a fair estimate of the number of individuals in 
young adulthood and puberty already infected cannot be made. Yet 
we can conclude from our material that first tuberculous infection occurs 
quite frequently after the age of puberty. In this selected material the 
percentage of the negative cases in young adults from fifteen to eighteen 
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years of age was from 75 to 80. It is possible, if not probable, that a 
larger postmortem material might have yielded a lower percentage of 
negative cases. In the age group of the late teens to the third decade 
this proportion is reversed; it is from 20 to 30 per cent negatives. In 
the fourth decade there were 79 per cent positives. From these figures 
it appears that anatomical changes due to a recent first contact with 
tubercle bacilli should be found in greatly increasing numbers in early 
adult life, perhaps in the majority of cases after the age of puberty. 
From table 2 it is evident that cheesy and chalky primary foci were 


TABLE 1 
Incidence of tuberculous lesions in postmortem material in adults 18 to 90 years 


| 
AGE GROUP IN YEARS | NUMBER OF AUTOPSIES POSITIVE NEGATIVE 


30-40 60 47 (78.4%) 13 (21.6%) 


18-30 | 65 46 (71%) 19 (29%) 
40-50 | 62 56 (90.4%) 6 (9.6%) 


50-90 99 96 (ca 97%) 3 (ca 3%) 


TABLE 2 
Anatomical-histological structure of the primary focus* 


CALCIFICATION CASEATION 
FIBROUS SCAR 


IN YEARS : 
And bone And chalky 
formation Alone changes. |Chalky-cheesy| Cheesy 


18-30 9 17 7 
30-40 23 15 
40-50 42 4 
50-90 71 13 1 


*In all cases under discussion, the primary focus, which was in the majority of cases 
single, was histologically examined. 


more frequently found in younger adults than after the fortieth year. 
Between eighteen and thirty years primary foci were in caseated or 
chalky-cheesy states in 16 cases; calcified, calcified bony or osseous 
lesions were present in about the same number of cases. This relation, 
however, changes in the higher age groups to 5:42, 5:50, and 5:91, 
that is, between thirty and fifty years only one-tenth of the primary foci 
did not as yet show stony or ossified changes; from the sixtieth to 
ninetieth years one-nineteenth of the foci were not ossified. 

If Schuermann’s conception is correct that the primary complex re- 
mains in a caseated stage only for a short time, it is natural that post- 
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mortem findings of such cheesy stages are quite accidental. To give 
even approximately the correct estimate of the age of a calcified focus or 
complex from the anatomical and histological structure alone is, in our 
opinion, impossible. Calcification of a primary tuberculous lesion may 
occur in the course of less than one year. Sweany, as cited by Myers 
(11), found calcified tubercles in a five and one-half months old child; 
in Geipel’s case, a six months old infant, calcified tubercles were seen in 
the cervical, bronchopulmonary lymph nodes and in the spleen. Ac- 
cording to Schuermann (3), whose ‘“‘youngest”’ calcified complex was in 
an infant nine and one-half months old, primary foci in pulmonary 
complexes can become calcified in from six to nine months. Puhl 
(8), however, feels that calcification in healthy individuals occurs in such 
short periods as two to five months. In the analysis of the material of 
the Luebeck disaster, Schuermann (12) gives the most accurate figures 
as to the time from the initial infection until calcification is fairly com- 
plete in lymph nodes regional to the primary foci. From this we learn 
that beginning calcification was present already on the fifty-eighth day, 
and complete stone formation was found in cases surviving two hundred 
and thirty seven days. Most of these cases represent types of pro- 
tracted haematogenous seeding. Wallgreen (13), however, claimed that 
it takes at least three years until a primary complex is completely cal- 
cified. 

On the other hand, it is certain that in cases of slowly progressive 
tuberculosis, calcification might not occur at all. Schuermann (3) has 
mentioned one observation in a young female in which for four years 
tubercle bacilli were found in the sputum; at autopsy no calcified primary 
focus was present, but only a cavity which probably had developed at 
the site of the first intrapulmonary lesion. In Schuermann’s material, 
cases of protracted haematogenous generalization show the primary 
complex quite frequently not in a calcified state. We can conclude 
from these observations cited above that calcification is more apt to 
follow a regular course in a simple complex in so-called healthy indi- 
viduals, than in cases of continuous extension of the tuberculous process 
from the primary complex. It is generally recognized that caseation in 
the primary focus is followed by precipitation of lime salts, increasing 
calcification, stone formation and finally more or less complete ossifica- 
tion. We omit for the present those rather rare cases in which the pri- 
mary focus is replaced by a fibrous scar. We may assume, therefore, 
that ossified tubercles are relatively old, most often older than chalky 
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or merely calcified ones. There are, however, some exceptions to this 
latter deduction, for the calcified state might have sometimes become 
permanent (Puhl (8)). In addition, resorption of calcified masses has 
been observed by Huebschmann, Schuermann and Ghon. According 
to these authors, it is impossible to determine the age of a primary focus 
after it is encapsulated or calcified. The criteria of age difference are 
becoming more and more blurred the older the primary lesions are. 
We must agree with these authors and shall not attempt to estimate any 
precise age for a calcified tubercle in number of years, as Sweany (14) 
has done recently, even including old haematogenous tubercles in dis- 
tant organs. Nor can we agree with the other estimates of Sweany 
as to the time during which the specific epithelioid capsule develops 
or until bone formation is started. In our opinion the size of the focus, 
its location, the extent of caseation and in addition probably some indi- 
vidual constitutional factors determine the tempo of the regression to a 
stony or ossified state. We do, then, stress the futility of any attempt to 
absolute age estimates; we can demonstrate with our own material, 
which includes many hundreds of obsolete primary foci, that old tu- 
bercles are almost always calcified and (or) osseous and that they look 
much alike. This applies not only to Ghon foci, but also to single calci- 
fied subapical or apical tubercles associated with a calcified complex in 
another lobe. In all these cases it is impossible to state whether these 
stony structures are of the same or of very different age. We have found 
complete or incomplete bony rings around the calcified centres in pri- 
mary foci in several older children. Sweany found bony lesions in 5 
cases of the second decade; Frimann-Dahl in one case of eighteen years, 
but not at an earlier age; Jaffé, not below the twenty first year and 
Amorin only in individuals above forty years. In our material at least 
60 per cent of all primary foci in adults contain bone, and this is in line 
with the experience of Puhl that the majority of older primary foci are 
in part ossified. 

The material under discussion includes 7 cases with a recent primary 
complex combined with intrabronchial or haematogenous, or hemato- 
genous and intrabronchial spread. The anatomical findings in these 
cases will be presented briefly. 


CASE REPORTS 


Case 1: (B.G.H. 2468) Female Negress, twenty years old. Pea-sized sub- 
pleural focus is present on the lower surface of the right lower lobe near the 


RECENT PRIMARY TUBERCULOSIS IN ADULTS 91 


posterior margin, with distinct cavitation and with a caseated complex, 
including interlobar, bronchopulmonary, lower and upper tracheobronchial 
and paratracheal nodes on the same side; there is an acute miliary tuberculosis 
with very dense seeding in both lungs, liver, spleen, kidneys and lower ileum 
and very marked cheesy tuberculosis of the chorioid plexus and tela and diffuse 
tuberculous meningitis. 


This, therefore, is a typical case of fairly recent primary tuberculosis 
with extensive haematogenous seeding, just as described in the first 
group of tuberculosis in children in a previous paper. 


Case 2: (B.G.H. 3378) White male, twenty-two years old. A walnut-sized 
cavity is seen in the right middle lobe with intrabronchial spread and marked 
caseated bronchopneumonia in all lobes of the right lung. Scattered nodular 
peribronchial tuberculosis is present in the left lower and a few fibrous cheesy 
tubercles in left upper lobe. Recent caseated tuberculosis, regional to right 
middle and lower lobe, is found in the right lower tracheobronchial group. 
There is no haematogenous spread. 


This is a case of recent primary pulmonary tuberculosis with progres- 
sive intrabronchial spread. 


Case 3: (B.G.H. 2425) White male, nineteen years old. There is one focus 
about 2 mm. in diameter in chalky state with distinct encapsulation in the 
medium third of the left upper lobe. A wedge-shaped firm cheesy broncho- 
pneumonic focus, about cherry size, is in the upper third of the left lower lobe 
with minute firm chalky or calcified centre. A chalky intrapulmonary lymph 
nodule is found very close to the first focus at the same level in the upper lobe. 
There is caseated tuberculosis of the left bronchopulmonary and left lower 
tracheobronchial lymph nodes. Haemorrhagic tuberculous pleuritis of entire 
left pleural cavity is present with many miliary pleural tubercles on the 
visceral pleura. All lobes show recent tuberculosis of peribronchial pneu- 
monic type with distinct haemorrhages. Marked nodular tuberculosis is 
found in the spleen with beginning cavity formation and many huge tubercu- 
lous infarcts. The liver shows dense miliary tuberculosis and the kidneys, 
conglomerate tubercles. There is no intestinal tuberculosis. 


The entire picture in this case is in favor of a protracted haematogen- 
ous tuberculosis in connection with the primary complex. The caseated 
tuberculosis, the pneumonic lesions in the lung, appear not to be of 
older age, that is, they present the same gross and histological structure 
as the marked haematogenous seeding in the liver and spleen. The 
picture in the lungs is otherwise too complicated, in our opinion, to 
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determine whether or not the extensive intrabronchial spread was 
preceded by haematogenous spread to the lungs; most probably the 
processes coincided. The marked tuberculous pleuritis might have 
followed extension of the wedge-shaped subpleural lesion in the pleural 
cavity. 


Case 4: (B. G. H. 2017) White female, thirty-two years old. There is a pea- 
sized, firm caseated focus, about 0.6 cm. in diameter, immediately beneath 
the pleura in the left lower lobe. Extensive caseated pleuritis and pleuro- 
pericarditis exist around this lobe. Miliary tubercles are noted in both lungs, 
spleen and liver, and tuberculous infiltrates in both kidneys. There is a 
typical tuberculous meningitis at the base of the brain and many small 
miliary tubercles are seen in the leptomeninges at the convexity. 


The unusual finding in this case was the absence of a macroscopical 
complex formation; however histological examination showed epithelioid 
cell tubercles without caseation in a few left bronchopulmonary lymph 
nodes. These changes are most probably secondary to the caseous 
pleuritis. In this case, X-ray pictures were taken from the undissected 
lung and from slices of the entire lung tissue. However, no old focus 
nor old complex could be found. As postmortem examination was very 
complete and all organs were investigated for a primary tuberculous 
lesion with negative results, we feel justified in considering the focus in 
the left lower lobe as the primary lesion, with overwhelming tuberculous 
infection of the pleural cavity and acute miliary tuberculosis following 
this. (This case has been presented in more detail in the proceedings of 
the Buffalo Pathological Society, Arch. Path., 1934, 17, 722.) 

Our material includes 3 more cases of adults with apparently primary 
infection: 2 in the fourth and one in the seventh decade. The anatomical 
findings in these cases were those of a fairly recent tuberculous complex 
in the lungs and bronchomediastinal lymph nodes and haematogenous 
tuberculosis of other organs. If we prefer not to discuss these cases in 
more detail, it is because the anatomical examination was not sufficiently 
complete as to permit an unequivocal interpretation. Tonsils and 
pharynx were not examined in one case, that of a thirty three year old 
Negress, in whom extensive caseation and beginning chalky changes 
were found in all cervical lymph nodes. The lungs showed recent ex- 
tensive caseated bronchopneumonia, especially in both upper lobes with 
marked caseation of the tracheobronchial lymph nodes on both sides. 
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in 2 other cases (ages thirty-four and sixty-three) a fibrous cheesy pul- 
nonary complex was found ineach. One of these, a white male thirty- 
our years, presented a combination of caseated intrabronchial spread 
ind haematogenous tuberculosis of the spine, adrenals, liver and spleen. 
[he other, a white male aged sixty-three years, showed the classical 
‘childhood”’ type of lesion with a small cheesy cavity in an angulus 
ymph node and dense miliary tuberculosis in liver, spleen, kidneys and 
ungs. As no roentgenograms were taken in these 2 cases, we do not 
know whether old, minute, completely healed foci might not have been 
»verlooked. 

As incidental findings we have 16 cases in which a typical primary 
complex was present in either cheesy, cheesy-fibrous or cheesy-chalky 
state. The most impressive case, to cite a few in particular, was that 
of a white male eighty years of age (B. G. H. 2431) who died of carcin- 
oma of the pancreas. At autopsy an encapsulated cheesy-fibrous focus 
was found in the base of the right lower lobe (figure 1), with distinct 
caseation in the right lower tracheobronchial lymph nodes. Roentgeno- 
grams of the lungs (figure 2) show only one calcified lesion (left lower 
lobe) and this, on histological examination, was proved to be a phlebo- 
lith. There was no evidence of further spread of tuberculosis from the 
caseated complex. There was no older lesion. In another case, that of 
a fifty-eight year old white female (B. G. H. 2251), a hazelnut-sized, 
well encapsulated, cheesy-chalky focus was found in the lower third of 
the right upper lobe, with marked caseation and some chalky changes in 
all upper tracheobronchial lymph nodes and adjoining anterior medias- 
tinal nodes. Some of these nodes were almost date-sized. The histo- 
logical examination proved that the primary focus, as well as the lymph 
nodes, showed a caseated fibrous state without calcification. All of 
these structures could be easily cut with a knife. 

Table 3 shows the state and extent of the complex and other lesions in 
the 16 cases of our material. 


Figure 3 shows the roentgenogram of case 2226, a fifty-nine year old white female, with 
the primary focus in the left lower lobe, well encapsulated, of dense cheesy-fibrous character 
with a chalky centre. 

Figure 4 shows the roentgenogram of case 2625, a fifty-six year old colored male, with a 
cheesy-chalky-fibrous complex of primary infection in the right lung. 

Figure 5 demonstrates the histological picture of the primary focus in this case. 

Figure 6 shows a few satellite-like subpleurai tubercles closely around the encapsulated 


focus. 
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As table 3 demonstrates, there are no differences in size, location and 
extent of the primary complexes as seen in adults and in children. It is 
apparently accidental that in this series the primary focus is found in 
the majority of cases in the right lung, although in no instance in the 
apex of the upper lobe. Size of the focus varies between a small pea 
and a cherry. The focus is well encapsulated and single in the large 
majority of these cases. In three cases, fibrous satellite-like tubercles 
were found, especially in the pleura above the focus, just as we have 
described them in a few recent caseated foci in children. In one in- 
stance, there was no single focus; instead we found several small pea- 
sized cheesy foci in peribronchial arrangement. 

Lymph node involvement within the complex was, with the exception 
of 2 cases, very marked, including at least two and frequently three 
groups of lymph nodes regional to the focus. The size of the enlarged 
lymph nodes did not differ from that observed in recent caseated stages 
in children; some of these showed distinct cavities within the cheesy 
and chalky lymph nodes. In fact, only in 2 instances was the involve- 
ment restricted to the nearest regional group, two or three bronchial 
pulmonary lymph nodes. In 2 cases there was marked crossing to the 
other side; the lower as well as the upper tracheobronchial groups were 
involved on the opposite side. Finally there are some additional lesions 
in subapical areas and in lower lobes; in 4 cases the anatomical and 
histological structure of these foci suggests genetically a connection with, 
or an extension from the active complex. At least in 2 of these, the 
additional foci showed the same structural age as the primary focus. In 
3 cases, scattered haematogenous tubercles were found in encapsulated- 
fibrous or fibrous-cheesy state in the liver, spleen or the kidneys. 

This brief summary of our findings in so-called “late primary infec- 
tions” proves that the age factor does not necessarily alter the anatomi- 
cal appearance of the primary complex, especially not the extent of the 
lymph node lesions and it shows that the complex formation does not 
differ from that seen in children. These findings therefore disprove the 
concept of Blumenberg and to some extent also that of Kuess, that with 
increasing age there is only slight or almost no involvement of the 
lymph nodes draining the site of the primary infection. We hope that 
we have furnished sufficient evidence to disprove as well the statement of 
Myers that the appearance of a primary complex after the age of twenty 
years should be regarded as a “myth.” 
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TABLE 3 


COLOR 


STATE OF PULMONARY COMPLEX 


ADDITIONAL LESIONS 


Male 


White 


Focus in lower third, right upper 
lobe; fibrous-cheesy complex, 
slight calcification of regional 
bronchopulmonary nodes with 
chalky centres. 

Focus in lower third, right upper 
lobe. Fibrous-chalky compiex 
with minimal central calcifica- 
tion in focus. Extensive lymph 
node changes regional broncho- 


Two foci of same 
structure right 
apex, right up- 
per. Focal ex- 
tension. 


mediastinal nodes. 

Fibrous-cheesy focus, calcified cen- 
tre, right lowerlobe. Extensive 
cheesy-chalky change and 
marked tuberculous hyperplasia 
in all regional and bronchopul- 
monary nodes on right side, 
crossing to nodes on left side. 

Focus upper third, right upper lobe. 
Complex: cheesy-chalky. (X- 
ray film of lung shows no calcifi- 
cation.) 

Cheesy-fibrous focus, thick hyalin 
wall. Extensive caseated lymph 
node complex with cavity. 


White Crossing to nodes 


of the other side. 


Female 


White Encapsulated haem- 
atogenous cheesy 
fibrous tubercles, 
liver and spleen. 

Extension to sub- 
apical region 
with focus of 
same structure. 


Female 


Female | White 


Focus in medial third, right lower; 


Female 
large pea-size. Chalky-cheesy 
complex. Extensive chalky- 
cheesy lymph node changes in 
bronchopulmonary and lower tra- 
cheobronchial nodes. 

Fibrous-cheesy chalky complex 
with minimal recent calcifica- 
tion. Focus in base right lower 
lobe. Extensive lymph node 
changes in all regional nodes, 
including upper tracheobronchial 
nodes. Small subpleural fibrous 
tubercles both upper lobes. 
Local fibrous pleural tubercles. 

Fibrous-chalky complex, focus 
base, right lower lobe; distinct 
fibrosis 


White 
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CASE | AGE SEX | | | 
3399 | 28 | Male | — | i 
| | 
| | 
| 
2344 | 28 | White | 
| | | 
| 
3008 | 30 | | 
| 
3214] 31 
3730 | 39 
2763 | 41 | 
| 
2198 | 46 
2126 7 
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TABLE 3—Concluded 


SEX 


STATE OF PULMONARY COMPLEX 


ADDITIONAL LESIONS 


Female 


Female 


Female 


Female 


Female 


White 


Colored 


White 


White 


White 


Cheesy-chalky complex, focus 
basis right lower, hazelnut size. 
Minimal changes regional nodes 
with small cavity formation. 

One cheesy-calcified complex left 
lower, nodes cheesy-fibrous. 

Second complex right lower in 
cheesy-fibrous state, no calcifica- 
tion. 

Cheesy-chalky-fibrous complex; 
cherry-size focus in right lower 
lobe with fibrous subpleural 
tubercles; extensive regional 
node changes; bronchopulmonary 
and lower tracheobronchial 
nodes. (Figures 4, 5 and 6.) 

Cheesy-fibrous complex with mini- 
mal central calcification. Focus 
in right lower lobe of peribron- 
chial arrangement; cherry-sized. 
Caseation all regional lymph 
nodes. 

Cheesy-chalky complex with ex- 
tensive involvement of all 
regional nodes. Focus lower 
third, right upper lobe. Sub- 
pleural hyalin nodule with case- 
ated centre. 

Chalky-fibrous focus 0.5 cm., con- 
centric lamellae, not calcified; 
slight chalky changes in two re- 
gional bronchopulmonary re- 
gional lymph nodes. Few 
fibrous tubercles above primary 
focus. (Figure 3.) 

Chalky-calcified complex; cheesy- 
chalky conglomerate tubercles. 
Epithelioid cell tubercles around 
primary focus. 

Cheesy complex, focus in right 
lower lobe. (Figure 1.) 


Extension to left 
apex with pneu- 
monic chalky 
focus. 


Few  haematoge- 
nous tubercles in 
kidney and 
spleen. 


Subpleural hyalin 
nodule with case- 
ated centre, ap- 
parently aspira- 
tion or focal 
extension. 


SUMMARY 


The incidence of tuberculous lesions found at postmortem examina- 
tion of 286 adults from eighteen to ninety years of age is tabulated 
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2232 | 55 | ME | White | 
2090 | 55 | Male 
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56 | Male | 
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| 
| | 
2226| 59| | White | 
66 | | White | 
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2431| 80 | Male | | 
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according to age groups. Absence of such lesions in the fifth decade 
should be regarded as uncommon (less than 10 per cent), above the 
fiftieth year as rare (3 per cent or less). Any attempt at absolute age 
estimates of calcific or osseous tuberculous lesions appears futile. This 
applies alike to primary foci and postprimary tuberculous lesions, in- 
cluding those in the subapical area; especially their obsolete stages can 
show entirely identical structures. Ossification of primary foci has 
been found in several older children. Seven cases with a recent complex 
combined with intrabronchial, haematogenous, or intrabronchial and 
haematogenous tuberculosis are presented. Their ages are between 
nineteen and sixty-three years, the majority being in the third and 
fourth decade. In addition, 16 cases are tabulated in which autopsies 
revealed incidentally typical primary complexes in cheesy, cheesy- 
fibrous or cheesy-chalky state, obviously pointing to a late primary 
infection. The ages of these 16 cases ranged from twenty-eight to eighty 
years. The lymph node involvement within these primary tuberculous 
complexes was—contrary to some views expressed in the older and more 
recent literature—very marked as to extension as well as to degree, 
not appreciably differing from that seen in primary complexes in chil- 
dren. 
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VII. TRUE REINFECTION WITH A TYPICAL TUBERCU- 
LOUS COMPLEX (RANKE) 


Pulmonary Complexes of Different Age 


In a paper on Anatomic Contributions to Primary and Postprimary 
Human Pulmonary Tuberculosis delivered in September, 1932 at the 
meeting of the Mississippi Valley Tuberculosis Association (1) brief 
mention was made of 2 cases in which relatively recent fibrocaseous 
complexes were incidentally found. In each of these there was evi- 
dence of an old complex of first tuberculous infection, which had appar- 
ently healed completely: calcification of all regional lymph nodes of 
the right upper lobe represented the older process in one case of a man, 
forty-eight years of age, who died from carcinoma of the lung; in the 
other case, that of a women fifty-two years of age, dying from coronary 
thrombosis, in addition to the recent fibrocaseous complex, there was a 
calcified complex with a stony focus in the left lower lobe. Brief com- 
ment on these findings stated: “It is possible that these two cases repre- 
sent true reinfection, as anatomically the first tuberculous infection 
appears completely healed.” ‘The reinfection takes on the structural 
character of a primary infection.” Since that time more cases were 
found at postmortem examination showing incidentally the findings of 
typical tuberculous complexes of different structural age: the one com- 
plex in a stony state, apparently healed; the other more recent or cheesy- 
fibrous. In a few instances there was evidence of some haematogenous 
dissemination in connection with the complex of reinfection. I have 
presented some of these findings at the Boston meeting of the Association 
of American Pathologists in 1936: the anatomical findings and their 
biological significance in regard to the problem of tuberculous reinfection 
were discussed (2). A few cases of tuberculous complexes in reinfection 
had been already included in a paper read at the Toronto meeting in 
March, 1934 before the Association of American Pathologists (3). 
During the last two years, a few more cases could be added to our ma- 
terial on complexes of different age. These were found notably in young 
adults (of twenty-one and twenty-nine years of age) and these cases 
have been presented before the Buffalo Pathologic Society, January, 
1938 (4). That this true reinfection might occur even in childhood was 
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mentioned in a paper prepared for the last meeting of the Association of 
American Pathologists in Atlantic City, May, 1938 (5). In a paper 
entitled Leichenbefunde von postprimaerer Tuberkulose in der Lunge unter 
dem Bilde von typischen Primaerkomplexen (Ranke), which was dedicated 
to Ghon’s seventieth birthday, 6 cases with a typical caseated complex 
from true exogenous reinfection were discussed. This contribution (6) 
however appeared only in the Festschrift and was not published else- 
where, remaining practically unknown; I shall therefore include this 
material in the present paper. 

When the first of these cases under discussion came to our notice, we 
did not know whether or not such complexes of reinfection had been 
seen by other pathologists. At least in the large material in Doctor 
Ghon’s Institute, such findings had never been seen, as far as I can recall. 
They might have been present but missed, due to the fact that X-ray 
photographs were made on postmortem material only in extremely rare 
cases. As already emphasized in our first paper, it is the incidental 
findings in cases not dying from tuberculosis which showed recent 
caseated complexes. Upon further dissection of some of these cases, 
the X-ray films having already been taken, unmistakable evidence of an 
older complex, the real first infection, was disclosed. It is my firm 
belief that such findings, those we are about to report, are not excep- 
tionally rare. The more completely the postmortem examination is 
carried out and the more use there is made of roentgenograms of the 
undissected lung with the tracheobronchial tree, the more instances of 
postprimary complexes with or without further tuberculous spread will 
be found. 

The literature on this subject is very scarce on sufficiently controlled 
cases. Schuermann (7) has mentioned 2 instances of primary complexes 
appearing with healed complexes acquired in an earlier period. The 
complex of reinfection in both cases of Schuermann was found in the 
intestinal tract. In both cases there were additional tuberculous lesions 
in different organ systems; thereby complicating the picture for a patho- 
genetic analysis. Apparently on the basis of these 2 cases Schuermann 
concluded that true reinfection might occur, especially in an organ dis- 
tant from that of the primary site of infection. In both cases the old 
complex was in the lung and the more recent complex, in the intestinal 
tract. We shall furnish sufficient proof that true reinfection with 
typical complex formation may very well occur in the same organ system 
as the first infection, namely in the lungs. In this connection, one case 
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of Anders (8) should be noted. A fifty-three year old woman with cal- 
cified remnants of intestinal and pulmonary tuberculosis showed, at 
autopsy, recent tuberculous ulcers in the lower ileum and extensive 
caseation of the mesenteric and all the prepancreatic lymph nodes, 
along with tuberculosis of the peritoneum and huge tubercles in the 
spleen. In Anders’ opinion, the tuberculous ulcers in the intestine 
represent, with the caseated mesenteric lymph nodes, a typical primary 
complex. Even more in this case of Anders we feel that the anatomical 
picture is extremely complicated, especially by the presence of peritoneal 
tuberculosis and nodular tuberculosis of the spleen; perhaps too com- 
plicated to serve as proper material for pathogenetic analysis of this 
problem. Finally, a paper by Hesse (9) on the Anatomy and Statistics 
of Tuberculosis, published in 1924, should be mentioned here. Hesse 
mentions briefly the observations made on 4 cases of eighteen, twenty-six, 
fifty and seventy year old individuals, in which the anatomical findings 
were suggestive of a recent reinfection simulating a typical primary 
complex. In 2 of these cases no further description other than the 
general terms given above and the age are given. In the other 2 cases, 
the macroscopical report is very brief and incomplete and histological 
analysis is almost completely lacking. In none of these cases was there 
any X-ray control. Although we feel that Hesse’s material cannot serve 
adequately for comparison with our own material, he has expressed the 
opinion that a second tuberculous infection apparently might bring 
about primary-complex-like lesions. 

We should like to present here some cases from our material with an 
analysis of the gross and histological findings (see plate 1). 


CASE REPORTS 


Case 1: (B. G. H. 3726) White female, twenty-one years of age, death from 
subdural empyema, following osteomyelitis of the frontal bone following 
empyema of the frontal sinus. The gross findings were as follows: In the left 
lung, a closed calcified complex was present consisting of a pinhead-sized, 
calcified tubercle in the apex of the left lower lobe, of very firm consistence and 
apparently ossified. Close to this focus, a somewhat smaller, completely 
calcified nodular structure, either a second old focus or a subpleural lymph 
nodule was found. The regional bronchopulmonary lymph nodes closely 
attached to the central portion of the bronchus leading to the left upper lobe, 
and especially one left upper tracheobronchial lymph node above the left 
major bronchus, showed distinct calcification. This calcified complex was 
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clearly demonstrated in the roentgenogram (see figure 1). In the lower lobe 
of the right lung, a large pea-sized cheesy focus was found and the broncho- 
pulmonary and lower tracheobronchial lymph nodes regional to this focus 
showed extensive caseation. In addition, a few pinhead-sized firm cheesy 
subpleural tubercles were seen in the parenchyma of the lung in very close 
relation to the caseated focus; these resembled the corona of the so-called 
resorptive tubercles which are observed frequently around a primary focus in 
children. When this caseated complex, which was readily seen, was found on 
gross inspection it was thought to be a typical complex of first infection. On 
X-ray photographs this complex is not visible, and the older complex is brought 
to light, as described above. A few small fibrous cheesy tubercles were found 
only in the liver pointing to a haematogenous spread from the caseated 
complex. 

The foci and lymph nodes of both complexes were histologically examined as 
completely as possible. The four accompanying photographs make a detailed 
description superfluous. The focus in the left lower lobe (see figure 2) wasin.a 
stony state showing a completely calcified nucleus surrounded by a bony ring, 
which had developed inside an entirely fibrous hyalinized firm capsule. This 
picture is typical of an obsolete primary focus. The subpleural focus close 
to the former shows exactly the same structure but no bone formation. Elastic 
tissue stains prove that both foci had developed in the lung tissue; the original 
alveolar pattern can be still recognized within the stony centre. The calcified 
lymph nodes showed histologically small firm stones separated by hyalin scar 
tissue (figure 3). The surrounding lymphoid parenchyma appeared entirely 
normal. These lymph nodes were cut in serial sections and no signs of ac- 
tivity, that is, no tuberculous granulation tissue, were seen. Tubercle bacilli 
stains were entirely negative. 

The focus in the right lower lobe showed the typical picture of a recently 
caseated focus with firm cheesy pneumonia (see figure 4). There was avery 
thin fibrous capsule around the focus which stained faintly with fuchsin by 
the van Gieson method. The alveolar pattern in the focus was very distinct. 
Alveoli were filled with caseated detritus and shadows of large round cells 
suggestive of the alveolar phagocytes seen in caseated pneumonia. The 
small tubercles in the parenchyma around the focus showed central caseation 
surrounded by slight fibrosis. The regional caseated lymph nodes showed 
the typical picture seen in early lymphogenic progression with huge cheesy 
and cheesy-fibrous conglomerate tubercles (see figure 5). 


There is no other explanation possible but this: that the caseated 
complex is an active recent new infection from without, developing, in 
this case, in a part of the lung quite distinct from the site of the old, 
first infection. The calcified complex representing the first infection is 
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inatomically, and apparently also biologically, in a completely healed 
state. Since the sites of the foci of first and second infection are drained 
by entirely separated lymph channels, it is clear that there are two 
‘omplete, separate complexes. 


Case 2: (B. G. H. 3131) White male, twenty years old, death from peritonitis 
following rupture of an inflamed appendix. At postmortem examination, a 
few hazelnut-sized cheesy foci were found in the subapical portion of the left 
upper lobe, forming together an infarct-like area. The lymph nodes regional 


Fic. 6 


to this part of the upper lobe showed extensive caseation with beginning 
cavity formation. These lesions were present in the bronchopulmonary nodes 
at the hilum of the left upper lobe and in the left upper tracheobronchial group. 

The roentgenograms demonstrated this lesion, as well as the enlarged lymph 
nodes, as a grayish shadow, as seen on figure 6. In addition, it showed in the 
lower lobe of the right lung, seven completely calcified nodular foci in an area 
of about 3 cm. in diameter. The lower tracheobronchial lymph nodes regional 
to the right lower lobe showed, on gross inspection, three pinhead-sized 
hyalinized and partly calcified conglomerate tubercles. 

Histologically the calcified foci in the right lung showed the typical picture of 
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old stony lesions, firmly encapsulated, with typical calcified rings. Only the 
smallest nodular lesion of the entire group had a thin bony ring around the 
calcified nucleus (see figure 7). The surrounding lung tissue was entirely 
normal. The histological picture of the right lower tracheobronchial lymph 
nodes, which were cut in serial section, confirmed the gross findings of small 
hyalinized conglomerate tubercles, firmly encapsulated, some of them showing 
calcification. No tuberculous granulation tissue was seen in the lymphatic 
tissue around these completely fibrous tubercles (see figure 8). The caseated 
lesions in the left upper lobe were caused by extensive recent tuberculous 
lobular pneumonia with marked cheesy changes in the centre and recent 
haemorrhagic areas along the border of some of the foci. The alveolar struc- 
ture was very well preserved (see figure 9). The caseated lymph nodes 
showed the typical picture of rather recent cheesy lymphadenitis with dis- 
integration and cavity formation in the centre of the large tubercles (figure 10). 

We have to mention that the X-ray photograph disclosed in addition a 
whitish shadow in the somewhat collapsed left lower lobe; this was found at 
gross examination and was proved to consist of a few small bony fragments 
mostly within alveoli and not surrounded by any scar tissue. While we 
originally thought that these might correspond to an entirely healed ossified 
primary lesion which had broken up into several fragments, we are now 
convinced that this bone formation is not brought about by tuberculosis, 
and we shall deal with this so-called nontuberculous bone formation in a brief 
paper later. 


The X-ray picture, gross findings and histological analysis point, we 
believe, clearly to the fact that the small calcified foci in the right lower 
lobe with the regional lower tracheobronchial lymph nodes form a closed 
calcified complex, and that the original focal lesion had spread within a 
small radius, bringing about the seven localized parenchymal tubercles. 
We have seen several instances of this type of primary infection in our 
material. The second infection formed a markedly caseated recent 
complex. The lesions in the left upper lobe and in the lymph nodes 
draining this area are of identical histological structure. Foci and 
lymph node changes of both complexes belong to different lobes and to 
different lungs. There is no other explanation than that the caseated 
complex belonging to the subapical portion of the left upper lobe is a 
true tuberculous reinfection from without. It appears of some interest 
that the parenchymal lesion of both first and reinfection did not restrict 
itself to a single focus; it seems that several lesions had developed, al- 
though limited to a relatively small area, at the site of first infection and 
at the site of second infection. Most probably these additional lesions 
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followed direct intrabronchial spread from the initial focus during an 
active phase. 


Case 3: (B. G. H. 2110) White female, forty years of age, death from circulatory 
failure from chronic rheumatic endocarditis. At autopsy an entirely calcified 
focus was found, pinhead size, subpleural in position, near the basis of the 
left lower lobe. The left lower tracheobronchial lymph nodes and the lymph 
nodes in the pulmonary ligament on this side were entirely calcified. A few 
left upper tracheobronchial lymph nodes showed partial calcification. In the 
upper third of the right lower lobe a large pea-sized firm focus was found 
the centre of which was apparently chalky. The regional tracheobronchial 
lymph nodes at the bifurcation, below the right major bronchus, showed older 
fibrous cheesy tuberculosis with a few small chalky nodules. Bronchopul- 
monary lymph nodes at the hilum and several right upper tracheobronchial 
and paratracheal nodes on this side showed extensive necrosis. 

The X-ray photograph showed a typical opaque grayish shadow correspond- 
ing to the old stony lesion in the basis of the left lower lobe. The focus in the 
right lower lobe gave a distinctly whitish shadow. 

Histologically, the old focus in the left lower lobe presented a completely 
calcified stony lesion surrounded by a thin hyalin capsule. The calcified 
lymph nodes regional to this focus were not examined histologically. The 
huge focus taken from the right lower lobe showed mostly caseated detritus 
and some chalky changes with beginning.caicification in the central area. 
This comparatively huge focus was surrounded by a broad fibrous capsule. 
The right upper tracheobronchial lymph nodes showed diffuse caseation and 
many recent epithelioid cell tubercles surrounding the caseated areas. In 
addition, a few haematogenous tubercles were found in the liver, spleen and 
in two subpleural lymph nodules in the left upper lobe in a cheesy and cheesy- 
fibrous state. 


Epicritic analysis of the findings in this case show an entirely stony 
complex with firm calcification of the primary focus in the base of the 
left lower lobe and extensive calcification of three groups of lymph nodes 
regional to this focus. In addition, a second complex is found with a 
single large focus in the upper third of the right lower lobe, well en- 
capsulated and already in the state of beginning calcification. All 
lymph nodes regional to this site show marked tuberculous changes of 
chalky caseated and only caseated types, extending even to the para- 
tracheal group. 

The haematogenous tubercles found in liver, spleen and lungs point, 
according to their gross and histological structure to the second and 
more recent complex as their source. 
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In spite of the fact that the old stony primary focus near the base of 
the left lower lobe is not ossified and that the other focus, in the right 
lower lobe, shows already beginning calcification of the centre, we feel 
that a comparison of roentgenological, gross and histological pictures 
already proves that they are of decidedly different age. This age 
difference appears even more marked in the corresponding tuberculous 
lymph node changes regional to each focus: stony lymph nodes on the 
left side, caseated lymph nodes with slight chalky changes and active 
tuberculous granulation tissue on the right side. In addition both foci 
are in different lungs, drained by different lymph channels. We shall 
cite the following 6 cases, 3 of which have been reported briefly in the 
Festschrift for Doctor Ghon’s seventieth birthday, mentioned above. 


Case 4: (B. G. H. 2062) White female, forty-nine years of age, death from acute 
myocardial failure following laparotomy for gall bladder disease. Anatomical 
report of the old complex: a completely calcified focus, 0.2 cm. in diameter is 
present in the upper third of the right upper lobe in subpleural position at the 
anterior surface. Histologically it shows marked ossification with a central 
area of bone marrow surrounding a small remnant of completely calcified 
detritus (see figure 11). In two upper tracheobronchial lymph nodes regional 
to this focus, at the anterior aspect of the right major bronchus, two pea-sized 
firm calcified stones are found showing histologically the typical appearance 
of old calcified lesions with some marginal bone formation (figure 12). 

Anatomical report of the more recent complex: a huge cheesy and somewhat 
chalky focus is seen near the base of the right lower lobe, 0.9 cm. x 0.6 cm., of 
firm caseated consistence, surrounded by a rather thin fibrous capsule. Histo- 
logically this focus shows the typical structure of an older caseated lobular 
pneumonic lesion (figure 13). The surrounding connective tissue capsule 
shows irregular density. The right lower tracheobronchial lymph nodes 
show distinct caseation. Histologically there is evidence of beginning fibrous 
organization along the marginal areas of the large caseated tubercle. In 
addition, a very small subpleural lymph nodule is found with central caseation 
near the focus in the right lower lobe and a few fibrous tubercles in liver and 
spleen, from 1 to 2 mm. in diameter, some of which, especially those in the 
spleen have a firmer chalky centre. 


An epicritic analysis of these findings points to an entirely stony pri- 
mary complex with a focus in the upper third of the right upper lobe 
and to a more recent cheesy-chalky complex with the focus near the base 
of the right lower lobe and typical complex changes in the right lower 
tracheobronchial lymph nodes, including a subpleural lymph nodule in 
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this area. Whether or not the haematogenous tubercles in the liver and 
spleen are due to a spread from the old or from the more recent complex 
cannot be decided with certainty. It is probable that the postprimary 
complex is their source as they showed only little calcification and still 
fibrous-cheesy changes. 


Case 5: (B. G. H. 2034) White female, fifty years old, death from myomalacia 
following coronary occlusion. Anatomical report: a completely calcified 
subpleural focus, 3 mm. in diameter, is found near the base of the left lower 
lobe close to the interlobar surface. A group of small calcified splinters are 
present in the bronchopulmonary lymph nodes, between left lower and upper 
lobes regional to the focus. This focus appears, in a histological section, 
as a firm calcified stone surrounded by a closed bony ring. In the medium 
third of the right lower lobe a caseated focus is found, 0.6 cm. in diameter, in 
subpleural position, with minimal thickening of the pleura above. Very 
near this focus there are two small subpleural fibrous tubercles. The regional 
interlobar lymph nodes show diffuse caseation with beginning fibrous encapsu- 
lation. The histological picture of the cheesy focus shows typical caseated 
lesions with beginning fibrosis. 

No other tuberculous lesions were found. The apices were free. There 
was no evidence of haematogenous dissemination. (A small pea-sized stony 
lesion near the base of the left lower lobe, which was also seen on the X-ray 
film, was proved histologically to be a calcified thrombus in a pulmonary 
artery.) 


Epicritical analysis shows clearly two entirely closed tuberculous 
complexes of decidedly different age. In both, only the lymph node 
group nearest to the focus was involved. The caseated complex with 
the focus in the right lower lobe represents clearly a true postprimary 
exogenous reinfection. 


“Case 6: (B. G. H. 2950) White male, fifty years old, death from extensive in- 
farction of the small intestine following acute thrombosis of the superior 
mesenteric vein. Near the basis of the right lower lobe in typical subpleural 
position is a small firmly calcified focus 2 mm. in diameter. This, on histo- 
logical examination, is surrounded by an entirely closed bony ring (figure 14). 
One interlobar bronchopulmonary and one lower and upper tracheobronchial 
lymph node on the right side contained large calcified stones. These, histo- 
logically, are completely isolated by firm hyalin capsules (figure 15). 

In addition, eleven subpleural minute nodules were found in the lung tissue 
of the right upper and lower lobe: a few of these had a small calcified centre. 

Finally a few encapsulated, calcified tubercles were found in the spleen. In 

the lower third of the left lower lobe, there was a large cherry-sized, cheesy 
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focus in peribronchial arrangement. Histological examination of this focus 
shows that it is composed of several caseated lobular pneumonic nodules very 
close to each other (figure 16). The lymph node in the pulmonary ligament 
and one lower and one upper tracheobronchial node on the left side show 
diffuse caseation (figure 17). 


Fic. 14 (upper left) Fic. 16 (upper right) 
Fic. 15 (lower left) Fic. 17 (lower right) 


Epicrisis: The gross picture, and especially the roentgenogram sug- 
gested several old primary foci in the right lung. The histological ex- 
amination, however, proved that only one of these foci was a real stony 
parenchymal lesion representing the primary focus. All the others 
were subpleural lymph nodules, most of which showed complete hy- 
alinization of the lymphoid structure. It was impossible to decide 
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histologically whether these scars, and especially the calcified detritus 
in the centre of a few of these, were of tuberculous origin. Most of 
them showed the typical picture of firm anthracotic induration. If some 
of these were tuberculous, their formation could be related to the old 
stony complex in the right lung. They might have been originally 
infected by retrograde spread from the complex of the first infection, 
while the changes in the lymph nodes were still active. In no way 
however could these subpleural lymph nodules have been the link be- 
tween the old complex of the right lung and the cheesy complex in the 
left lung. The large cheesy focus of the more recent complex shows 
grossly and especially also histologically clearly its genetic relation to 
the bronchus, which points again to exogenous infection. It appears 
immaterial in this connection whether the tubercles in the spleen origin- 
ated from the primary or the postprimary complex. The caseated 
complex of the postprimary infection in the left lung appears entirely 
closed: there were no complicating findings of subpleural nodules on this 
side. 

Four more cases have been observed in the last two years, all of which 
had old typical complexes in the stony stage. In 3 of these, less old 
complexes were found in cheesy and cheesy-chalky stages, while in the 
fourth case, the changes of reinfection were not restricted to a focal 
lesion but involved a considerable part of one lobe having spread intra- 
bronchially. The lymph nodes, however, regional to this lobe showed 
extensive tuberculous changes even more marked than those belonging 
to the old primary focus. We shall give the anatomical findings very 
briefly. 


Case 7: (B. G. H. 4049) White male, fifty-four years old, death from lobar 
pneumonia. A calcified complex with one lentil-sized focus is found in the 
middle portion of the left lower lobe and there is extensive calcification of the 
bronchopulmonary lymph nodes at the hilum, attached to the bronchus leading 
to the lower lobe. A second calcified focus, somewhat smaller, is present in 
the lower third of the right upper lobe in its posterior portion. The roentgeno- 
gram of the complex and the additional calcified focus is very distinct. There 
are no calcified lesions in any lymph nodes regional to the right lung, and 
especially none in those around the bronchus within the right upper lobe. 

The complex of reinfection is formed by two large pea-sized foci in sub- 
pleural position, in the middle third of the right upper lobe, near the medias- 
tinal border, and just underneath the anterior surface. The one more medially 
is transformed into a cavity. The pleura above is slightly thickened and 
adherent to the costal pleura. On section through the focus, several miliary 
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tubercles are seen surrounding closely the recent cavity. The lymph node 
regional to this area, including two small bean-sized upper tracheobronchia 
nodes slightly lateral and anterior to the obtuse angle between trachea anc 
right major bronchus, show distinct tuberculosis grossly. Histologically, onl) 
the complex of reinfection was examined in this case, as gross and X-ray 
findings of the old complex were typical of those seen in many hundreds o! 
cases. The one cavity was filled with cheesy detritus; the surrounding bron 
chioli showed typical tuberculosis in their walls and there were a few recent 
interstitial tubercles in the neighborhood of the cavity. The capsule of the 
cavity appeared very recent, and only thin connective tissue fibres could be 
demonstrated with the van Gieson stain. The regional lymph nodes were 
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almost entirely replaced by epithelioid giant cell tubercles with central necrosis 
and some larger conglomerated, completely caseated tubercles. Sections 
taken through the recent cavity and the surrounding parenchyma showed 
evidence of tuberculous periarteritis; however the intima was not as yet 
invaded. A few recent miliary tubercles were found in both kidneys and the 
liver, evidently spread from the recent complex of reinfection. 


Case 8: (B. G. H. 3426) White male, fifty years of age, death from pneumonia 
following perforation of gastric ulcer. In this case (see figure 18) the tubercu- 
lous complex of the old and first infection consisted of a small lentil-sized, 
entirely calcified focus in the basal part of the right lower lobe and of a few 
small calcified splinters in one lower tracheobronchial node on the right side. 
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Histologically this focus showed the typical picture of an old stony lesion with a 
calcified centre surrounded by much bone tissue and a rather thick fibrous 
capsule. The calcified splinters in the lymph nodes were old, entirely stony 
nodules surrounded by dense hyalin bands. Their size corresponded to old 
conglomerate tubercles. 

The complex of more recent infection was formed by a small cherry-sized, 
distinctly softer nodule in the middle third of the left upper lobe, 7 cm. below 
the apex and near the mediastinal edge. This focus appeared somewhat 
chalky; however it was possible to cut it with a knife and the firm material 
in its centre showed concentric ring-like structures very clearly. The regional 
bronchopulmonary and anterior mediastinal lymph nodes, three in number, 
showed extensive chalky changes, with beginning calcification, each being 
the size of a large pea. The histological picture of this focus in the left upper 
lobe showed a chalky and slightly calcified centre with a pneumonic structure, 
beautifully preserved and surrounded bya fibrous capsule of irregular thickness. 
A small fibrous tubercle was closely attached to the capsule. The lymph 
nodes contained huge chalky fibrous tubercles, with little calcified material. 
Outside of these two complexes of decidedly different structural age, there 
were two small, entirely calcified foci in subapical portion of the right upper 
lobe which were found by dissection only, since the X-ray film did not show 
them. Histologically they had the typical appearance of old calcified lesions 
with cheesy pneumonic pattern still recognizable, surrounded by a complete 
bony ring. The lymph nodes regional to the right upper lobe did not show 
any eviderice of tuberculosis, neither in the X-ray film nor on gross inspection 
and dissection. (Finally there were two small foci in the base of the left 
lower lobe consisting of compact bone with little marrow. These were not 
surrounded by scar tissue and are, as we believe, not of tuberculous origin.) 


The foci found in the right upper lobe most probably are very old; they 
might have developed after localized extension from the old primary 
focus, by the process of “focal extension.” With this problem we prefer 
to deal in a later paper on this subject. Certainly these foci could not 
have formed the genetic link to the typical and more recent complex in 
the left upper lobe. That haematogenous seeding had occurred, most 
probably in connection with the complex of reinfection, was proved by 
the finding of a few miliary tubercles in the spleen, liver and parietal 
peritoneum in a fibrous state. 


Case 9: (B. G. H. 2218) White female, fifty years of age, death from sub- 
stantial emphysema with failure of systemic circulation. In this case a 
calcified complex was present with the primary focus in the left upper lobe, 
of entirely typical histological structure, consisting of a pinhead-sized firm 
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nodular stone surrounded by a bony wall with considerable bone marrow. 
The left bronchopulmonary lymph nodes above the bronchus leading to the 
left upper lobe showed distinct calcification with firm stony changes. In the 
right middle and lower lobe several hazelnut-sized cheesy and cheesy-chalky 
foci were fouid with very little calcification in their centre. The broncho- 
pulmonary and lower and upper tracheobronchial lymph nodes on the right 
side showed marked firm caseation and very little chalky material included 
in the caseated detritus. Histologically the foci mentioned in the right middle 
lobe and lower lobe showed the typical picture of cheesy-chalky pneumonic 
foci with beginning precipitation of lime salts in typical ring form; the foci 
were surrounded by a fibrous capsule. The regional lymph nodes showed 
extensive caseation, with some fibrous organization and central calcification. 
In addition, there were two, somewhat firmly calcified nodules in the right 
apex and two similar nodules in the left upper lobe, very close to the primary 
focus. All of these nodules show an identical picture of firm calcification 
representing an old stony tuberculous lesion embedded in dense fibrous tissue. 
These might have developed from intrabronchial extension at a time when the 
primary focus was still active. Again there appears no link between these 
old stony lesions and the decidedly more recent cheesy-chalky complex with 
several foci in the right middle and lower lobe and extensive lymphogenic 
spread to their regional lymph nodes. A few fibrous haematogenous tubercles 
were found in the kidney in this case. 


Case 10: (B. G. H. 3316) White female, sixty-one years of age, cause of death, 
softening of the brain. In this case (see figure 19) an old calcified primary 
complex was present with a pinhead-sized, calcified focus near the base of 
the left lower lobe and a few small firm calcified noduiar stones, well encap- 
sulated, surrounded by firm hyalin tissue in the left lower tracheobronchial 
lymph nodes. Histologically the focus was typical: a relatively large calcified 
centre, surrounded by an almost complete bony ring within a thick completely 
hyalinized fibrous capsule. 

In the left upper lobe, mostly in its lower third, there were several fibrous- 
cheesy and fibrous-chalky tubercles in peribronchial arrangement near the 
anterior mediastinal edge. In the X-ray photograph no calcification was 
visible in these lesions. One bronchopulmonary lymph node between left 
upper and lower lobe showed extensive old cheesy and chalky changes. Histo- 
logically the foci in the left upper lobe showed the typical pattern of cheesy- 
chalky tuberculosis of acinous type with a large caseated centre and a distinct 
fibrous wall. The chalky and caseated changes in the regional broncho- 
pulmonary lymph nodes were typical histologically: there was beginning 
calcification and fibrous organization of the caseated tissue. In addition, 
a few firm fibrous-chalky tubercles were found, well encapsulated, in the right 
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upper lobe near the hilum and in the lower third of the right lower lobe and 
one in the right middle lobe. These were fibrous tubercles with very little 
central calcification within the pulmonary parenchyma. One _ broncho- 
pulmonary lymph node regional to the right lower lobe contained firm fibrous 
conglomerate tubercles. 


Epicritical analysis of the gross and histological findings shows an old 
stony complex with the focus in the basal portion of the left lower lobe. 
The chalky lymph node changes regional to an additional postprimary 
and certainly much more recent infection in the lower third of the left 
upper lobe are very close in this case to the lymph nodes with the stony 
lesions, as the interlobar bronchopulmonary lymph nodes drain the basal 
portions of the upper and lower lobe of the left lung. However, histo- 
logically, the stony structure of the old lesions in the left lower tracheo- 
bronchial lymph nodes differed considerably from that of the chalky 
caseated lesions within the left bronchopulmonary nodes between upper 
and lower lobes. It is possible that the small tubercles seen in all lobes 
of the right lung originated from the foci of reinfection. It is of special 
interest to note that even from these some spread had occurred to one 
lower bronchopulmonary lymph node near the bronchus of the right 
lower lobe. 


COMMENT 


We have selected for this paper the foregoing 10 cases. The number of 
cases in which complexes of different age were seen, including those in 
which only the reinfection had formed a typical complex, is 29 in all, 
taken from a total of 246 cases of adults. Most of the remaining 19 cases 
will be discussed under separate headings in the following papers (papers 
VIII, IX, X and XI). 

In the 10 cases chosen for this discussion, the findings of tuberculous 
lesions were entirely incidental; they had no clinical significance. Ana- 
tomically they proved unusually favorable for pathogenetic analysis, as 
the lesions of the old first infection, as well as those of the more recent 
second infection, appeared restricted to the parenchymatous pulmonary 
foci and bronchomediastinal lymph nodes regional to the site of the 
respective foci. In all of them, the first tuberculous infection was 
represented by a completely calcified complex showing all gross and 
histological structural criteria of an old obsolete complex. The anatomi- 
cal lesions representing the complex of the second infection were typical 
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of tuberculous complexes. In most of them the focus brought about 
by the second infection was single; in some, there had been localized 
spread in an area close to the focus bringing about a peribronchial 
arrangement of several, caseated lesions of the average size of a hazelnut. 
The regional lymph node lesions in all were very distinct, usually includ- 
ing two or three bronchomediastinal lymph node groups in orthograde 
direction, regional to the focus. Only slight haematogenous spread had 
occurred from the caseated complex of second infection, bringing about 
small miliary cheesy and cheesy-fibrous tubercles in but small numbers 
in the spleen, liver or kidney. These haematogenous tubercles were 
found incidentally. These caseated or cheesy-chalky structures could 
be related only to the more recent complex of second infection. In a 
few cases, in addition to the obsolete complex of first infection, a few 
additional stony foci were found with no corresponding lymph node 
changes. These we believe were formed by focal extension from the 
primary focus in its active state. These few additional foci showed 
exactly the same anatomical structure as the old primary focus. Similar 
additional, recent focal lesions were seen as well in connection with 
the complex of second infection as demonstrated especially in case 10. 
These lesions, relatively few in number, show the same anatomical and 
histological structure as the focus of second infection. 

We feel that all 10 cases represent complexes of different age in an 
unusually distinct manner, as in none of these cases were there any older 
tuberculous lesions found outside of the primary complex, or, as in case 
number 6, related to the lymph node changes, which could be regarded 
as an intermediary link between old complex and complex changes of 
the second infection. In this regard this material can be considered as 
presenting closed complexes of primary and reinfection periods, and in 
this respect, we believe, lies its significance especially in comparison to 
the few instances cited above from the literature. The cases in which the 
focus of reinfection was not single but rather presented two or more foci 
in close anatomical relation to each other should not be considered as 
exceptional, as we have seen similar extension in primary tuberculosis in 
children or adults not too infrequently. While in some of these cases 
the extent of the lymph node lesions was about the same in both com- 
plexes, in others, and these are the majority, the lymph node changes 
within the complex of reinfection were more extensive. In addition, 
incidental findings of slight haematogenous seeding in most of these cases 
pointed to the complex of reinfection as their source. 
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As stated already, in one of the foregoing papers, it is apparently quite 
incidental to find at autopsy a tuberculous complex in an adult in a 
caseated stage without fibrous organization or distinct chalky and calci- 
fied changes. Only in a few cases of this series there was within both 
compounds of the complex of reinfection beginning precipitation of lime 
salts in the centre of the Ghon focus or in the centre of the large caseated 
tubercles in the regional lymph nodes. In spite of this, this change 
readily could be considered as relatively recent, being found within 
extensive caseated structures and usually surrounded by active tu- 
berculous granulation tissue. In none of these cases had the tuberculous 
process spread beyond the caseated or cheesy-chalky complex of rein- 
fection, except for those few scattered haematogenous lesions or a few 
small intrabronchial focal lesions which we related to the focus; all these 
were incidental, apparently of no clinical significance. While it will be 
shown that a complex of second infection may be the source of progres- 
sive tuberculous disease with fatal outcome, in the 10 cases of this pre- 
sentation there is distinct evidence of encapsulation, fibrous organiza- 
tion or beginning calcification in foci and lymph nodes of the complex of 
reinfection. Apparently the fate of this complex in many cases does not 
differ from that of the complex of first infection. Gradual impregnation 
with lime salts and more or less complete calcification with stone forma- 
tion, if not ossification, seems to be the ultimate result. 

We therefore can conclude that the finding of multiple calcified com- 
plexes in different lungs or different lobes does not necessarily indicate 
that they represent a late state of tuberculous complexes which were 
acquired simultaneously at the time of first infection. They might 
represent just as well, especially if found in older individuals, the late 
stages of complexes acquired at different periods. There is no reason 
to believe that in tuberculous complexes of reinfection which are not 
complicated by progressive tuberculosis, the process of healing and 
ultimate calcification differs from that of the first infection. In the 
course of several years a caseated complex of reinfection may undergo 
complete calcification. 


SUMMARY 


Detailed anatomical and histological reports are presented of 10 cases 
in which, incidentally, two tuberculous complexes (Ranke) of decidedly 
different structural ages were found, each in a different lung or, in a few 
cases, in a different lobe, one in a completely stony state, the other of 
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recent structure, mostly caseated or cheesy-chalky. The caseated com- 
plex did in no way differ from a typical primary complex. There were 
no tuberculous lesions found outside of the old calcified primary complex 
which could have been regarded as an intermediary link to the more 
recent complex. The latter obviously was the effect of a true reinfection. 
The histological structure of the old and real primary complex suggested 
in most cases complete healing; focus and lymph node changes appeared 
obsolete, with no histological sign of activity. The reinfection produced 
again a typical tuberculous complex (Ranke), heretofore considered as 
the characteristic sign of primary tuberculosis exclusively. The second 
complex in these cases seemed to undergo the same regressive changes 
with encapsulation and chalky degeneration pointing to complete calci- 
fication as the probable ultimate result. The conclusion is drawn from 
these observations that the finding of multiple calcified complexes does 
not necessarily indicate that they were formed simultaneously by a 
single primary infection. 
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VIII. PROGRESSIVE TUBERCULOSIS WITH A TUBERCU- 
LOUS COMPLEX OF TRUE REINFECTION 


In our anatomical studies on the pathogenesis of human tuberculosis, 
the finding of a typical tuberculous complex of true exogenous reinfec- 
tion seemed of sufficient interest to continue our search for this particular 
type of reinfection, the anatomical picture of which heretofore has been 
considered the absolute criterion of first infection. During these studies 
we have learned that such complexes of reinfection occur more frequently 
than even experienced students in the morbid anatomy of human tu- 
berculosis might have expected. As already mentioned in a foregoing 
paper, our material of 267 adult cases (used in this study) includes about 
30 observations in which the second infection from without was ana- 
tomically represented by the well known classical picture of a “primary” 
complex. The 10 cases reported in the foregoing paper demonstrated our 
chance observations arrived at incidentally by dissection of the lungs, 
especially with the help of roentgenograms. In none of these had the 
complex of reinfection lead to a clinically manifest tuberculous process. 
Our knowledge of this type of reinfection is very new and our experience 
on carefully controlled cases rather limited. It is therefore impossible to 
state at the present time what clinical importance should be attached to 
these complexes of the second infection from without or how frequently 
tuberculous disease in adult life might be brought about by this mode 
of true reinfection. For this reason it should be attempted to trace the 
pathways in all cases of progressive fatal tuberculosis provided that 
phthisic destruction of pulmonary tissue has not eliminated the original 
focal lesions. That localized focal extension within the lung originating 
from the Ghon focus of the second complex might be found in some cases, 
and that scattered haematogenous seeding to such organs as liver, spleen 
and kidney is seen in others with the second complex as their source, 
have been shown in the foregoing paper. Our material on complexes 
of different ages contains two instances in which death was due to pro- 
gressive, mostly haematogenous tuberculosis. In each of these an old 
calcified complex was present and in addition a relatively recent caseated 
or cheesy-chalky complex with extensive caseation of the lymph nodes 
regional to the focus of reinfection and with haematogenous dissemina- 
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tion (see plate 1). We can clearly demonstrate that the progressive 
fatal tuberculosis originated from the second complex of exogenous 
reinfection. We shall report the anatomical findings in detail. 


CASE REPORTS 


Case 1: (B. G. H. 3714) White male, thirty-three years old; cause of death: 
cirrhosis of the liver and tuberculous peritonitis. At postmortem dissection 
a cheesy-chalky tuberculous focus 1 cm. in diameter was found in subpleural 
position, in the left lower lobe near the lateral surface, about 3 cm. below the 
tip of this lobe. The bronchopulmonary and interlobar lymph nodes on the 
left side showed extensive cheesy-chalky changes. There was, in addition, 
very marked recent tuberculous peritonitis with myriads of tubercles in omen- 
tum, mesentery, parietal and visceral peritoneum, with fibrinous adhesions 
between the loops of the small intestine, matting these loops into a uniform 
mass, adherent to the anterior abdominal wall. Frequently serofibrinous 


PLATE 1 


fluid was encysted between these adherent loops. A considerable amount of 
serofibrinous exudate covered the spleen and liver. In both pleural cavities 
serofibrinous exudate was present with marked compression atelectasis of 
the left lower lobe. Many recent small tubercles were present in all lobes, 
but especially in the left lung, with some in the pleura underneath the fibrinous 
exudate. Scattered tubercles were found in the pericardium and epicardium. 
The spleen was slightly enlarged and contained a considerable number of 
soft miliary tubercles. There were only scattered tubercles in the liver and 
in the left adrenal gland. The kidneys showed typical tuberculous infiltrates 
and a few miliary tubercles. 

In the roentgenogram (see figure 1) there were seen a few minute calcified 
structures near the hilum of the right upper lobe and extensive calcification 
of bronchopulmonary lymph nodes at the hilum of the right lung and especially 
at the anterior aspect of the right major bronchus. 

Thus from these gross findings it seemed clear that we were dealing with 
one completely calcified old complex in the right upper lobe and with a rela- 
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tively recent cheesy-chalky complex in the left lung. The recent haema- 
togenous tuberculosis, involving peritoneum, pleural cavities, lungs, spleen, 
liver, kidneys and one adrenal gland could have originated only from the 
recent complex of second infection. There was no tuberculous lesion in the 
mucosa of the gastrointestinal tract. 

The following structures were used for histological examination: the cheesy- 
chalky focus from the apex of left lower lobe and tuberculous regional lymph 
node; the completely calcified bronchopulmonary lymph nodes from the 
hilum of the right upper lobe; different pieces of lung tissue with recent tuber- 
cles and tuberculous pleuritis from both lungs. The very minute, calcified, 
pinpoint-sized areas seen on the X-ray photograph near the hilum of the right 
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lung could not be found, even with the most elaborate dissection and addi- 
tional X-ray photographs of many thin slices near the right hilar region. 
Histological examination of the focus in the left lower lobe shows a typical 
caseated pneumonic focus with some chalky material in its centre. It is 
surrounded by a relatively thin, somewhat hyalinized wall. There is begin- 
ning fibrous organization in the periphery of the caseated focus (see figure 2). 
Lymph nodes regional to this focus show extensive caseation and fibrous 
hyalin encapsulation. Most of the lymphoid structure is replaced by com- 
pletely caseated material (see figure 3). Right bronchopulmonary lymph 
nodes contain large, firmly calcified stones surrounded by some hyalin fibrous 
tissue. The remainder of these nodes show relatively normal markings with 
entirely preserved lymphoid structures (figure 4). In the different sections 
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taken from both lungs, for the most part there are small miliary tubercles 
or somewhat larger conglomerate tubercles involving several alveoli, with 
distinct recent nuclear disintegration (necrobiosis) in the centre (see figure 5). 
Some of the subpleural tubercles show recent caseation. The pleural exudate 
attached to the lung tissue has mostly a nonspecific appearance, entirely 
fibrinous. Omentum, spleen, liver, kidney and adrenal, all show recent 
tubercles of typical form with epithelioid and giant cells and frequently with 
considerable caseation in the centre. This caseation is especially marked in 
sections taken from the omentum and the adrenal. The cirrhotic changes 
in the liver are of the so-called smooth type; the surface is only slightly ir- 
regular; the liver cells show considerable regressive changes. Fibrosis and 
inflammatory infiltrates, mostly limited to the portobiliary areas, are seen. 
Some liver cells contain hyalin granular material. (There was a history of 
severe alcoholism for twelve years; the patient had otherwise been in good 
health and able to work until about ten weeks prior to death.) 


Epicrisis: As the anatomical changes in the old primary complex 
appear entirely obsolete and those in the complex of reinfection in still 
active chalky-caseated state, it is evident that only the lesions belonging 
to this second complex can have formed the source for the acute haema- 
togenous dissemination which has lead to tuberculous peritonitis (in a 
patient already having cirrhosis of the liver) and to haematogenous 
tubercles in lungs, pleura, kidney, liver, spleen and adrenals. It has 
been the experience of older pathologists that haematogenous tubercu- 
losis is frequently a fatal complication of cirrhosis of the liver with portal 
obstruction. 


Case 2: (B. G. H. 3350) White male, fifty-four years old; cause of death: pro- 
gressive tuberculosis. Macroscopical report: a cheesy-chalky tuberculous 
focus, about hazelnut-sized, is present in the lower part of the right lower lobe. 
Considerable cheesy-chalky changes are seen in the regional bronchopulmonary 
and lower tracheobronchial lymph nodes. A second somewhat smaller and 
encapsulated cheesy-chalky focus is in the middle third of the left upper lobe 
at its anterior aspect and extensive cheesy-chalky tuberculosis is present in 
all regional bronchopulmonary and upper tracheobronchial lymph nodes on 
the left side. A few small cheesy tubercles are found in the paratracheal 
lymph nodes and the lymph nodes in the left venous angle show tuberculous 
hyperplasia. Almost pea-sized, firm encapsulated tubercles are found in 
the spleen, and diffuse tuberculous infiltrates in both kidneys. Scattered 
miliary tubercles of about pinhead size are present in liver and kidneys. 
Many miliary tubercles are noted in both lungs, along with acute emphysema, 
especially in the left lower lobe. There is a rather dense distribution of 
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miliary tubercles in all lobes of the right lung, along with some peribronchia! 
larger tubercles. This acinous arrangement is especially seen in the right 
middle and upper lobe. The lungs are not adherent to the pleura. The 
gastrointestinal tract does not show tuberculous ulcers. 

Miliary and peribronchial tubercles are seen very distinctly in the roent- 
genogram as opaque, mostly round, well encapsulated, very dense foci. Th« 
cheesy-chalky foci in right lower and in left upper lobe are clearly visible due 
to their size and distinct encapsulation. They are, however, not calcified 
The caseated bronchomediastinal lymph nodes on both sides are well visible a: 
grayish opaque structures. There is no chalky or calcified material in these 
In addition to the above lesions, several pinhead-sized, densely calcified, roun: 
structures are seen in one right lower tracheobronchial lymph node; however 
no corresponding old lesion in the right lower lobe could be found either by 
gross dissection or in the X-ray photograph (figure 6). 

From all these findings it seemed clear that we were dealing with two com 
plexes or exogenous reinfection, in the right lower and left upper lobe and 
with old entirely stony remnants from a first infection in one right lower 
tracheobronchial lymph node. All the recent lesions in the lung seem to 
point to an overwhelming haematogenous seeding in combination with some 
intrabronchial spread. 

The following structures were examined histologically: the right lower 
tracheobronchial lymph node containing the old calcified stones; both cheesy- 
chalky Ghon foci from right lower and left upper lobe; ail their regional lymph 
nodes, including those in both venous angles and different sections from both 
lungs with haematogenous and peribronchial tubercles. The right lower 
tracheobronchial lymph nodes contain completely calcified firm stones, well 
encapsulated, in some areas bone formation; the surrounding lymph node 
tissue is normal except for one small hyalinized tubercle (figure 7). The focus 
from the lower third of the right lower lobe measures about 1.3 x 0.8 cm.; it 
shows complete caseation with very little chalky material in the centre; it is 
fairly well encapsulated by a fibrous wall, measuring about 1 mm. in thickness. 
The caseation appears to be fairly recent (figure 8). The focus from the left 
upper lobe, which measures 0.7 cm. in diameter, shows a similar picture repre- 
senting the huge caseated area surrounded by a relatively thin fibrous wall 
(figure 9). All bronchopulmonary and tracheobronchial lymph nodes regional 
to these two foci show extensive caseation with very little chalky changes, 
especially in those on the right side and with huge caseated conglomerate 
tubercles in beginning fibrous encapsulation (figures 10 and 11). 

Histological findings in different sections taken from both lungs show the 
typical picture of tuberculous lobular pneumonia with no recognizable miliary 
tubercles. These pneumonic lesions are larger in the right lung than in the 
left. In both, their arrangement is frequently peribronchial and the mucosa 
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§ smaller bronchi is distinctly involved (figure 12). No tubercles could be 
‘ound in the lymph nodes of the right venous angle, nor in the upper right 
naratracheal group. Two lymph nodes in the left venous angle however 
show distinct caseation in the form of conglomerate tubercles in beginning 


Fic. 6 (upper) 
Fic. 7 (lower) 


fibrous organization (figure 13). Similar changes are found finally in several 
lower mediastinal lymph nodes above the diaphragm with huge cheesy fibrous 


tubercles. 


Epicrisis: The progressive recent tuberculosis in both lungs originated 
from the relatively recent complexes of reinfection; as to this, we be- 
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lieve, there can be no doubt. The tubercles found in liver, spleen and 
kidneys point clearly to the fact that haematogenous seeding had oc- 
curred from the recent complexes. The anatomical and histological 
picture in the lung, however, appeared too complicated for clear patho- 
genetic analysis. But at the same time distinct evidence of intrabron- 
chial extension was found. Whether this was preceded by considerable 
haematogenous seeding in the lungs cannot be proved with certainty; 
the extensive complex changes in all bronchomediastinal lymph nodes 
would suggest massive sources for haematogenous seeding. It has been 
stated by different observers of the pulmonary changes in acutely progres- 
sive tuberculosis of the lungs that an original haematogenous miliary 
seeding may lose completely its typical gross and histological appearance 
if these haematogenous foci spread continuously through the air passages. 
The absence of tuberculous lesions in the intestinal tract can be con- 
sidered as an additional factor pointing to the haematogenous route for 
the recent caseated tubercles in the lungs. 

Anatomically and histologically the tuberculous lesions in the right 
lower tracheobronchial lymph nodes were entirely obsolete, representing 
well encapsulated firm stones as the only demonstrable remnants of an 
older, apparently healed, tuberculosis of the right lung. Since the recent 
tuberculous changes were especially dense and marked in the right lung, 
it is possible that the original primary Ghon focus, which could not be 
detected on the X-ray photograph, was completely masked by this 
recent massive tuberculosis; certainly there is no relation between these 
later acute changes and the stony lymph node component of the old 
primary complex, to which an obsolete tributary focal lesion was not 
found. 

We wish to add briefly a third observation, although death in this 
case did not result from the progressive tuberculosis. The lesions of 
reinfection in the lung were not of focal character, as in the 2 foregoing 
cases, but had involved a considerable portion of one lobe. Spread to 
the regional nodes from this was marked just as in the former 2 cases. 
There was no evidence of haematogenous spread to other organs. 


Case 3: (B. G. H. 2590) White male, sixty-eight years of age; cause of death: 
acute ascending pyelonephritis in association with hypertrophic prostate 
gland. Unexpectedly at postmortem examination, extensive fibrocaseous 
tuberculosis of the upper third of the left upper lobe was found with fibrous 
adhesions to the parietal pleura. No encapsulated focal lesion could be 
detected. The entire parenchyma showed the picture of chronic fibrocaseous 
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bronchopneumonia. There was practically no chalky change or calcification. 
The bronchopulmonary lymph nodes and upper tracheobronchial nodes 
regional to the left upper lobe were moderately enlarged. Histologically 
they showed diffuse caseated tuberculosis, partly in fibrous organization, 
replacing almost completely the lymphoid structure. 

Grossly an old primary focus was easily found in the middle portion of the 
left lower lobe, pea-sized and entirely calcified. The histological picture was 
typical of an old obsolete primary focus, consisting of a calcified stony centre 
of alveolar pneumonic structure (elastic tissue stains of decalcified sections 
of the focus) and some bone formation along the margin. Neither by gross 
dissection, nor radiologically, were there any older calcified lesions seen in the 
lymph nodes draining the left lower lobe. The tuberculous lesions found in 
the lymph nodes above the left major bronchus were all of less old nature and 
evidently in connection with the caseous tuberculosis in the left upper lobe. 


In this case therefore the old primary lesion had remained restricted 
to a single focus! in the left lower lobe. The second, exogenous reinfec- 
tion, which was of decidedly later date, had brought about fibrocaseous 
pneumonia of the upper part of the left upper lobe with complete de- 
struction of the original alveolar structure and had spread to most of 
the lymph nodes draining this area. There were no other tuberculous 


lesions in the body. The focus of reinfection was represented here by a 
larger pneumonic area. We have seen similar extension of primary 
pulmonary infections in children. 


SUMMARY 


Detailed anatomical and histological evidence is presented to prove 
that an entirely typical, relatively recent, tuberculous complex of true 
exogenous reinfection was the source of progressive fatal tuberculosis in 
2 white adults, thirty-three and fifty-four years of age. In the first case 
the spread was entirely haematogenous; in the second there was, in 
addition to haematogenous seeding, also marked intrabronchial pro- 
gression. In both cases calcified remnants of the old first tuberculous 
complex were found. The progressive tuberculosis, in connection with 
the complex of the recent reinfection, represents an entirely identical 
picture with those which heretofore were observed only in primary tu- 
berculosis in children and adults with immediate or protracted haematog- 
enous seeding. 


1 This type of primary focal tuberculosis will be dealt with in paper XII. 


IX. INTESTINAL COMPLEX OF RECENT EXOGENOUS 
REINFECTION 


In a Case of Healed Tuberculous Peritonitis 


In the two foregoing papers we have presented several typical com- 
plexes of different age in which focal parenchymal pulmonary and lymph 
node lesions in obsolete and active states pointed to two different periods 
of exogenous infection. In 2 cases progressive fatal tuberculosis had 
resulted from the complex of second infection. In these the focus and 
regional lymph node lesions were seen in a still extensively caseated or 
cheesy-chalky state. In this paper we wish to add a more unusual 
chance observation made at postmortem examination of a colored female, 
twenty-three years of age, who had died from chronic diffuse glomerulone- 
phritis with uraemia. Findings of special interest in this case were 
several tuberculous ulcers in the caecum and recent caseation with 
beginning cavitation in a few regional lymph nodes in the mesocaecum. 
These findings might easily have been overlooked in this case with most 
marked uraemic changes in the pericardium and gastrointestinal tract— 
the lymph nodes in the mesocaecum were not particularly enlarged and 
were completely enveloped in fat tissue—but they assumed considerable 
significance when it was discovered that the patient had suffered from 
tuberculous peritonitis ten years previous and from tuberculosis of the 
left adnexa six years previous to death. This tuberculous infection 
had been proved by histological control with biopsy material both of 
peritoneum and left adnexa at the time of diagnosis. 


CASE REPORT 


Only those data related to the tuberculosis are taken from the clinical record: 
On first admission in 1929, at the age of thirteen years, the symptoms were 
abdominal pain, nausea and vomiting for two weeks. Rectal examination 
revealed a globular mass in the cavum of Douglas which was very tender. 
The clinical diagnosis was pelvic abscess, probably of appendiceal origin. At 
laparotomy, along with considerable free fluid, the peritoneum was found 
studded with numerous small granular tubercles; the pelvic organs were 
adherent to the pelvic peritoneum. Histological examination showed the 
lesion to be tuberculosis. Three weeks following operation the patient was 
131 


} 
f 

H 


132 ANATOMICAL STUDIES ON TUBERCULOSIS 


discharged in the care of a tuberculosis sanatorium. The second admission 
occurred four years later, in 1933. This time a grapefruit-sized mass was felt 
in the midline below the umbilicus; this seemed to increase in size under 
observation. At laparotomy the mass proved to be a large cyst of the left 
ovary apparently replacing completely the original ovarian structure. It was 
removed with the left tube. The peritoneal surface was found thickened and 
distinctly whitish, but no tubercles could be felt or seen at operation; there 
was no free fluid in the peritoneal cavity. The gross pathological report at 
this time was unilocular cyst of the ovary with a wall between 1 and 2 mm. 
thick, petechial haemorrhages in the inner lining and a pea-sized grayish- 
yellow nodule of caseated appearance. Attached to the cyst wall was a 
tube of normal length with slightly thickened wall. The histological report 
was: a simple cyst lined by a somewhat atrophic cuboidal epithelium; many 
epithelioid cell tubercles were present within and underneath the lining 
(figure 3); the mucosa of the tube also showed typical epithelioid cell tubercles 
indicating tuberculous endosalpingitis. The postoperative course was un- 
eventful, and the patient was discharged in an improved condition to the 
tuberculosis sanatorium at Perrysburg. On the last admission in January, 
1939, it was learned that the patient had been operated three years previously 
(1936) for bowel obstruction in another hospital. With a few interruptions, 
the patient remained in this hospital until her death. During this time of 
about five months, she had the typical symptoms of a progressive diffuse 
glomerulonephritis. The patient died on May 10, 1939, in a severely uraemic 
state after several severe convulsions. 

In brief, the autopsy revealed: typical findings of chronic diffuse glomerular 
nephritis, with uraemic inflammation of the pericardial sac and the gastro- 
intestinal tract and oedema of the brain; there was a fist-sized cystoma of 
the right ovary; the right tube was entirely normal. The findings in regard 
to tuberculosis were: extensive adhesions between omentum and the scar in 
the abdominal wall and between many intestinal loops with each other and 
with the mesentery and the omentum; extensive thickening of the visceral 
and parietal peritoneum; marked adhesions between uterus and pelvic perito- 
neum and between right ovarian cyst and sigmoid and rectum; firm adhesions 
between liver capsule and diaphragm and between atrophic spleen and dia- 
phragm; there were no old tuberculous changes in the intraibdominal lymph 
nodes. In the lungs, multiple calcified foci were found, of lentil size and 
smaller; they were scattered over both lower lobes, left upper and lower 
third of right upper lobe, about sixteen being visible on the X-ray plate 
(figure 2) and twenty being found on dissection. In one left lower tracheo- 
bronchial lymph node two small calcified fibrous nodules were found; a fibrous 
tubercle was also noted in the interlobar lymph node between right upper and 
lower lobe along with a few small, entirely fibrous tubercles in one upper 
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tracheobronchial lymph node on the right side. The remainder of the broncho- 
mediastinal nodes were entirely negative. The lungs were not adherent to 
the pleura. In the caecum five recent ulcers were found measuring between 
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1 and 0.5 cm. in diameter; these were close to the valve of Gerlach. Only 
in one of these, distinct tubercle could be recognized in the basis. Dissection 
of the regional lymph nodes revealed recent caseation within four mesocolic 
nodes, one of which showed a pea-sized cavity. In all these nodes distinct 
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caseated conglomerated tubercles were present of the size of a hempcorn or a 
small lentil (see figure 1). 


Epicrisis from anatomical findings: There were apparently healed 
tuberculous foci in both lungs, with one tuberculous’tomplex on each 
side in fibrosed obsolete state; a completely adhesive fibrous diffuse 
peritonitis was represented by an entirely organized,and apparently 
healed process; recent exogenous tuberculosis of the caecum was present 
with typical ulceration and caseated complexes with regional lymph 
nodes. No haematogenous tubercles, recent or healed, were found in 
the liver, spleen, kidneys, adrenal glands or any other organ. The right 
ovarian cyst and especially the tube were free. 


Fic. 2 


The following structures were examined histologically: eight mostly calcified 
foci from the left lower lobe; eight small nodules, some of which were calcified, 
from the left upper lobe; all lymph nodes regional to the left lung, including 
those in which two small calcified structures were seen grossly; seven foci, 
mostly calcified, from the right lower lobe; five small focal lesions from the 
right upper lobe around the hilum; all lymph nodes regional to the right lung, 
including those with the grossly visible fibrous tubercles in one right inter- 
lobar and upper tracheobronchial lymph node; all recent ulcers from the 
caecum and the caseated mesocolic lymph nodes; different sections from the 
intestine and omentum including one minute yellow structure within the 
mesentery of the lower ileum; right ovarian cyst and right tube. The histo- 
logical findings can be summarized as follows: in the left lower lobe there were 
found one calcified focus with beginning bone formation (figure 4), three 
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entirely calcified foci without bone formation (figure 5) and one hyalin fibrous 
focus with chalky centre; in the left upper lobe, one calcified focus with very 
little bone and two fibrous lesions with chalky centres; in the right lower lobe, 
two calcified lesions with very little bone within their capsule and one smal! 
calcified nodule and two slightly larger fibrous chalky nodules (figure 6; 
around the hilum of the right upper lobe, two foci of firm fibrous chalky 
appearance. In addition, there were six small fibrous subpleural scars scat- 
tered over the left lower and right upper lobe, especially around the hilum of 
the right lung. All these lesions were parenchymal foci as proved by elastic- 
van Gieson stain and not tubercles within subpleural lymph nodules. 
Although all lymph nodes draining both lungs were examined in seria! 
sections, no additional tubercles were found beyond those already recognized 
grossly. We have therefore: (/) An old tuberculous complex on the left side 
with four calcified foci in the left lower lobe, one of which shows marginal bone 
formation, and a similar focus in the left upper lobe. Only in one regional 
lower tracheobronchial lymph node, there is localized healed tuberculosis 
represented by a calcified conglomerated tubercle and one irregular band-like 
hyalinized structure corresponding to a hyalinized tubercle. (2) An old 
tuberculous complex on the right side with three stony foci in the right lower 
lobe, one of which contains a little bone and with hyalinized conglomerate 
tubercles with chalky centres in one interlobar lymph node and one upper 
tracheobronchial lymph node. (3) Seven fibrous chalky foci with very thick 
fibrous walls and chalky detritus in their centres. These had a less old 
structure than the stony foci mentioned above. Whether they had resulted 
from direct bronchial spread from the calcified foci while these were still 
active, or from later exogenous reinfection, or from scattered haematogenous 
seeding in connection with the old Ghon foci or from the tuberculosis of the 
peritoneum and the left adnexa can hardly be determined. (4) The small 
nodule appearing as a yellowish, entirely obsolete peritoneal tubercle proved 
to be a minute fibrous nodule within mesenteric fat tissue near the attachment 
to the lower ileum containing very little calcified detritus in the centre. (5) 
Sections taken from the colon showed a huge caseated conglomerate tubercle 
within a lymph follicle of mucosa and submucosa (figure 7) in rather recent 
nuclear disintegration, surrounded by a few small conglomerate tubercles 
within the muscle walls, consisting mostly of epithelioid cells. Another lesion 
in the colon shows a deep ulcer with huge conglomerate tubercles extending 
through both muscle layers. In this particular section the process in the 
mucosa and submucosa shows hardly any specific feature. Only two ulcers 
showed outspoken tuberculous lesions. The other ulcerative lesions in the 
caecum had a nonspecific appearance and were apparently caused by severe, 
but typical, changes of periarteritis nodosa which were found restricted to the 
vicinity of these ulcers in the arteries of the submucosa and outer layers (it is 
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possible that these severe arteritic lesions were due to the uraemic state). 
All the regional mesocolic lymph nodes showed huge recent tubercles with 
central caseation and epithelioid cell tubercles (figure 8). (6) All sections 
taken from the peritoneum and mesentery showed only marked fibrous 
thickening but no active tuberculous granulation tissue. There were no 
tuberculous lesions either old or recent seen in spleen, kidneys, pancreas, all 
periaortic lymph nodes, liver, heart, bladder and adrenal. Sections taken 
from the kidney showed typical pictures of a subchronic diffuse glomerular 
nephritis with nephrotic changes. The pericarditis was completely fibrinous 
(uraemic); there were no tubercles nor caseated exudate. 


COMMENT 


We shall now summarize epicritically the gross and histological find- 
ings at autopsy and the lesions observed at the laparotomies ten and six 
years previous to death. There is definite proof that ten years before 
the patient died, diffuse tuberculous peritonitis was present, and that 
six years previous to death there were active tuberculous lesions of the 
left tube and left ovary or ovarian cyst, and that at this time no tubercles 
were noted by the surgeon but only firm fibrous adhesions in the parietal 
and visceral peritoneum. Since at autopsy both lungs were found 
entirely free of adhesions to the pleura, it seems clear that the tubercu- 
losis of the peritoneum had not developed from direct extension through 
the diaphragm nor from an intestinal lesion; there was no evidence of an 
old healed ulcerative process in the intestine, nor were there fibrous or 
calcific structures in mesenteric or mesocolic lymph nodes. The tu- 
berculous peritonitis appeared completely healed postmortem. Sec- 
tions showed only nonspecific firm fibrous thickening of the serosa. The 
right adnexa were free of old or recent tuberculosis. Since six years 
previous to death laparotomy showed an active state of tuberculosis in 
the left ovary and tube, it seems evident that at that time the tubercu- 
lous process in the lungs must have been in a still active state. At the 
time of the diffuse tuberculous peritonitis ten years previous to death, an 
active tuberculosis in the lungs, and only there, must have been present. 
To which focal lesions these changes can be related cannot be determined. 
It has been stated already that the fibrous firm chalky lesions, of which 
about seven were found in both lungs, might represent postprimary 
lesions, but whether they were brought about by additional infection 
from without or by intrabronchial spread from the older primary foci 
cannot be decided. All pulmonary lesions however are either completely 
obsolete or in a rather old fibrous calcified or calcified-chalky state. The 
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chalky detritus found in some of these foci appeared firmly encapsulated 
by thick fibrous walls. This applies to all foci in both lungs as well as 
the two lymph nodes regional to the right lung. 

In contradistinction to these apparently healed lesions, the tuberculous 
process in the caecum and ileocaecal lymph nodes is recent in nature. 
In the absence of any active tuberculous lesion in the entire body, this 
process clearly points to a new infection from without. The anatomical 
picture brought about by this new exogenous infection resembles that of 
a primary tuberculous infection of the ileocaecal region. 

This case proves that even successful recovery from diffuse tubercu 
lous peritonitis and from multiple focal lesions of first infection in the 
lungs is no absolute guard against tuberculous reinfection from without. 
In fact, the destruction of the intestinal wall by a recent tuberculous 
process, and also the caseation of the regional lymph nodes, appeared 
rather marked. 

While it was impossible to trace the pathways of the tuberculous le- 
sions in the lungs which differed structurally from typical old calcified 
foci, they appeared firmly encapsulated, firmly organized and did not 
show any gross, histological or bacterioscopic sign of activity. If they 
could not be considered as entirely obsolete, they showed all the his- 
tological criteria of advanced healing. The diffuse peritoneal tuberculo- 
sis had healed many years previous to death. The acute tuberculosis 
of the ovarian cyst and tube was apparently cured by surgical removal 
six years previous to death. There had remained no endogenous source 
for the recent acute tuberculous ulcers in the colon with the caseation in 
the mesocolic lymph nodes. 

In a foregoing paper (VII) postmortem observations by Schuermann 
and Anders were cited, in which progressive tuberculosis in adults had 
developed in connection with tuberculous reinfection of the intestine. 
The postmortem findings as a result of the reinfection appeared exten- 
sive and complicated. In our case, death from a nontuberculous cause, 
nephritic uraemia, had terminated also the tuberculous process in the 
intestine which was found incidentally in the state of a recent typical 
ulcerative caseated complex. This is, as far as we know, the first 
anatomical observation of a combination of primary pulmonary tu- 
berculous infection with haematogenous tuberculous peritonitis fol- 
lowed by complete healing of all lesions in lungs, lymph nodes and peri- 
toneal cavity and true recent tuberculous reinfection in the intestine with 
a complex-like picture. There are no additional active tuberculous 
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lesions which might have complicated, if not prevented, the pathogenic 
analysis of this case of exogenous reinfection. 


SUMMARY 


In a Negress, 23 years of age, who had died in uraemic coma, at autopsy 
a recent tuberculous complex was found incidentally, consisting of a 
few tuberculous ulcers in the caecum and caseation with cavitation 
within the regional ileocaecal lymph nodes. Ten years previous to 
death tuberculous peritonitis and four years later the presence of tu- 
berculosis of the right adnexa was proved by laparotomy and histological 
control of biopsy material. As their source multiple calcified foci of 
first infection in the lungs and some obsolete changes in the regional 
lymph nodes were discovered at autopsy. This experience proves that 
obviously healed haematogenous peritoneal and genital tuberculosis 
can be followed by a true reinfection with the typical anatomical pic- 
ture of a primary intestinal complex. 
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X. OLDER TUBERCULOUS COMPLEXES OF DIFFERENT 
AGE 


IN COLLABORATION WITH FRANCIS E. KENNY 


In a previous paper dealing with our first observations on tuberculous 
complexes of different age, it has been stated that the lesions representing 
the complex of more recent infection usually seem to follow the same 
course of gradual transformation into more and more organized struc- 
tures, until they finally are in a calcified state. In most of these cases 
the finding of the second complex in a relatively recent caseated or 
chalky-fibrous state was entirely incidental. It appeared to us that 
such complexes of true reinfection (consisting usually of a huge single 
focus and the more or less extensive chain of tuberculous lymph node 
lesions in orthograde direction from the focus) finally attain the struc- 
tural appearance, grossly and microscopically, which heretofore had 
been considered as the end result of a primary complex only. Also it 
was stated in that foregoing paper that clinical or anatomical observa- 
tions of more than one calcified complex, especially in older individuals, 
might not point necessarily to multiple infections occurring simulta- 
neously with the first tuberculous infection; our experience rather sug- 
gests that in some of these cases the end stages of complexes of different 
age have been reached, and that these do not betray the difference in 
their actual age, at least not for our merely morphological criteria. 

At the present there is no way to determine how frequently such 
exogenous infections restricted to complex-like changes might occur. 
Only in the earlier phases of these second complexes which probably do 
not extend over a longer period than several years, the structural differ- 
ence between the more recent and an older complex will be sufficiently 
marked. Perhaps this type of reinfection is much more common in the 
average healthy individual than we can prove by our anatomical ex- 
perience so far, but a complex of reinfection might not be recognized as 
such after it has changed into a typical calcified complex. 

We wish to add in this paper some observations in 5 more cases (see 
plate 1). While the structural differences are less striking in some of 
these than in the cases presented in the foregoing papers, we feel from a 
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fairly complete histological analysis of all the pulmonary and lymph node 
lesions that they, too, belong to different periods of exogenous infection 
and represent structural lesions of typical tuberculous complex nature. 
Again we are dealing in these 5 cases with entirely incidental findings. 
In 2 of them the anatomical findings seem to point to three different 
periods of exogenous infection. In another case (case 3) several obsolete 


foci were found in both lungs with corresponding old lesions in the 
regional lymph nodes on one side. This finding, pointing to an old 
primary complex in one lung with additional old foci in the other, was 
complicated by the presence of several decidedly more recent cheesy- 
chalky focal lesions scattered over both lungs in small numbers with 
recent tuberculous changes in the lymph nodes draining these foci. It 
was our impression that, in spite of the multiplicity of the foci, old and 
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new scattered over both lungs, and the combination of old and more 
recent tuberculous lesions in lymph nodes of the same group on one side, 
the ensemble of lesions seemed to divide itself clearly into two tuberculous 
complexes of two different periods. Finally we wish to add 2 cases in 
which two complexes were found, both already in a stony or completely 
calcified state. It might perhaps seem forced to emphasize apparently 
slight structural distinctions between old foci, since on the one hand 
they were represented by completely ossified lesions and the focus on 
the other side was also firm and calcified and contained very little bone 
along the capsule. The difference in the lymph node lesions however 
was much more marked; firm stony lesions on one side and merely 
fibrous-chalky lesions with much less calcification on the other. 

We do not hold that in all cases a decision can be made as to the actual 
age difference between older fibrous and completely obsolete (ossified) 
complexes in the same individual, especially in case 4 such an attempt 
seems quite arbitrary. On the other hand, exactly such observations 
as will be presented here seem to form the link to the rather common 
finding of identical multiple healed calcified complexes in adults, espe- 
cially in the later decades. As stated already in two foregoing papers 
(VI and VII), differences between Ghon foci of first infection and focal 
lesions of true reinfection become more and more blurred the older these 
foci of proved true reinfection are, so that eventually, especially in cases 
with no further development of pulmonary tuberculosis or haematog- 
enous dissemination from the complex or focus of reinfection, in routine 
gross anatomical and even histological examination no noteworthy differ- 
ence might be noticed between such foci or the entire complex changes. 
We have no intention of overemphasizing this point, as there are no 
means of measuring structural age differences in older stony or ossified 
lesions. We feel, however, the possibility that so-called multiple primary 
complexes found postmortem, especially in adults of later life, might 
represent the final healed stages of tuberculous infections from without, 
acquired at different times—perhaps many years apart—in other words, 
old complexes of different age should not be overlooked in considering 
the pathogenesis of these old lesions. 


CASE REPORTS 


Case 1: (B. G. H. 2194) White female, eighty years old; cause of death: general- 
ized arteriosclerosis. Anatomical report (see figure 1, showing the roentgeno- 
gram of this case): A pea-sized, distinctly cystic, bony focus is present in 
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anthracotic surroundings in the lower third of the left lower lobe near the 
interlobar surface. Small subpleural calcified nodules are found on the 
interlobar surface of the left lower lobe with extensive adhesions around it. 
A hempcorn-sized, firmly calcified focus is seen in the lower third of the right 
upper lobe underneath the interlobar plane. Two calcified, small, subpleural 
nodules are present, surrounded by anthracotic pigment, along the anterior 
surface of the right middle lobe. Very marked, firm calcification is noted of 
right lower tracheobronchial lymph nodes with large sequestrated stones. A 
large, pea-sized, encapsulated chalky-calcified focus is found in the upper 
third of the right upper lobe, about 2 cm. below the summit in the lateral part, 
with two small anthracotic, centrally calcified nodules slightly below the focus. 
There are old chalky-fibrous changes with slight calcification in the upper 
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tracheobronchial lymph nodes on the right side. Firm cheesy fibrous tuber- 
culosis and tuberculous hyperplasia of one right paratracheal and a few 
pretracheal lymph nodes are present. 

Finally, there are a few small grayish tubercles in the interlobar lymph 
nodes on the left side which are firmly anthracotic. From these anatomical 
findings it was apparent that there was at least one calcified complex present 
with several foci in the right middle and upper lobes. The relation of all the 
other stony and chalky changes to each other and to the complex was ana- 
tomically not clear. 

All parenchymal foci and all bronchial mediastinal lymph nodes draining 
both lungs were examined histologically along with several fibrous scars, 
especially those found in the apices. We shall not give the histological findings 
in complete detail but rather in form of histological epicrises arrived at after 
most detailed study of each single lesion of the parenchyma and lymph nodes. 
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The focus in the left lower lobe consisted completely of bony tissue with a 
relatively thin bony shell, containing mostly fatty bone marrow (figure 2). 
The subpleural nodule found nearby at the interlobar surface was apparently) 
a subpleural lymph nodule and showed marked fibrosis and calcification with 
distinct central bone formation. These two lesions apparently formed a very 
old, if not the oldest, tuberculous complex. There were no similarly old 
lesions in the lymph nodes draining the left lower lobe. 

The two foci found in the right middle lobe showed a typical bony wall 
surrounding a bony nucleus which in the elastic tissue stain exhibited a very 
well preserved alveolar structure with calcified detritus within the alveoli 
(figure 3). The focus in the lower part of the right upper lobe contained also 
bony tissue and was completely embedded in hyalinized anthracotic fibrous 
tissue (figure 4). Regional lower and upper tracheobronchial lymph nodes 
showed extensive calcification. In the lower tracheobronchial lymph nodes 
on the right side there was very marked metaplastic bone formation with 
anthracotic marrow (figure 5). 

The pea-sized chalky focus in the upper third of the right upper lobe showed 
still extensive cheesy changes in fibrous organization with chalky calcification, 
in the central parts. This focus was surrounded by a rather thick fibrous wall. 
The original pneumonic structure was very well preserved especially noticeable 
in the elastic fibre stain (figure 6). A lymph node at the hilum of the right 
upper lobe showed diffuse firm caseation (figure 8); similar findings were pres- 
ent in the upper tracheobronchial lymph nodes and in the paratracheal lymph 
nodes on the right side. Only in the former was there some calcification, 
while all the others showed merely cheesy fibrous changes and distinct tuber- 
culous hyperplasia with huge epithelioid cell tubercles (figure 9). 

The lymph nodes between left upper and lower lobe showed also some recent 
tuberculous hyperplasia. The lymph nodes at the hilum of the left lower 
lobe and the left interlobar bronchopulmonary nodes showed older caseated 
tuberculosis with some chalky changes, hyalinized tubercles and many typi- 
cal epithelioid cell tubercles. 


As shown by the accompanying photographs (figures 2, 3, 4, 6 and 7), 
there is distinct structural difference between the huge bony focus in 
the left lower lobe, the calcified bony lesions in the right middle lobe and 
the relatively recent cheesy-chalky large focus in the right upper lobe. 
We feel that these might represent three entirely separate periods of 
tuberculous infections: the oldest focus is in the left lower lobe with the 
nearby subpleural lymph nodule forming the complex change; the foci 
in the right middle lobe with the extensive calcified and partly ossified 


1 Likewise this was seen in a small calcified nodule slightly below the large focus (figure 7). 
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lesions in the right lower tracheobronchial lymph nodes forming a typical 
calcified complex, apparently the second infection; the focus in the upper 
part of the right upper lobe has a decidedly younger structure, represent- 
ing the lesion typically described as subapical reinfection with complex 
formation in the lymph nodes draining this area and showing more firm 
cheesy and cheesy-chalky changes. 

In cases like this it seems almost impossible to evaluate with certainty 
all the pathways by which the least old chalky-fibrous subapical focus 
in the right upper lobe and its corresponding lymph node lesion might 
have passed. The fact that the same lymph node harbors also old stony 
lesions and that the lesions in the right middle and upper lobe are drained 
by the same lymph channels makes such an attempt very difficult; the 
older and more recent lymph node lesions might overlap. We are well 
aware, for instance, that relatively recent tuberculous lesions in para- 
tracheal lymph nodes without any recent parenchymal lesions are found 
distal to and in orthograde direction from old stony lesions in broncho- 
pulmonary and tracheobronchial lymph nodes. These latter represent 
definitely old calcified components of calcified complexes; the recent 
lesions being those of so-called endogenous exacerbation. We feel, how- 
ever, that a more recent chalky-fibrous lesion, as seen in this case, could 
be alone responsible for the recent tuberculous changes in the lymph 
nodes regional to the area of the focus and also for the recent caseation in 
the bronchopulmonary and paratracheobronchial nodes. The presence 
of so-called endogenous exacerbation, we feel, should be assumed only 
if the lung tissue tributary to the lymph nodes can be proved to contain 
no tuberculous lesions that are still active. Whether or not we are 
dealing therefore with two complexes of different age in the right lung 
or with only one, from which the definitely less old focus had developed 
by intrapulmonary spread, cannot be decided in these later stages with 
certainty. The distinct structural differences between the old stony 
foci with bony walls and the huge cheesy-chalky lesion with only central 
calcification surrounded by rather thick hyalinized wall but by no bony 
tissue point to entirely independent and relatively recent exogenous 
infection. The large bony focus consisting only of bone tissue with a 
central marrow cavity is near the base of the left lower lobe far distant 
from the calcified structures of the right lung and obviously can have no 
connection with them; it appears to be the real primary Ghon focus. 
Similar obsolete lesions in lymphatic structures regional to this focus 
were found only in a near subpleural lymph nodule. 
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The cheesy-fibrous and more recent tuberculous lesions in the lymph 
nodes at the hilum of the left lung are apparently in connection with 
similar tuberculous changes in the upper tracheobronchial and pre- 
tracheal group. 


Case 2: (B. G. H. 2585) White male, fifty-four years of age; cause of death; 
coronary occlusion. Two distinctly calcified, hempcorn-sized, subpleural 
foci are seen in anthracotic surroundings on the anterior surface of the right 
lower lobe and interlobar surface of the right upper lobe in its lower portion. 
There are no gross changes in lymph nodes draining this lung. An x-ray 
photograph (figure 10) revealed very small calcified splinters closely attached 
to the right major bronchus. A second minute calcified shadow is seen in the 
X-ray film near the base of the right upper lobe at the periphery (these two 
calcified structures could not be found at gross dissection). There is a very 
firm subpleural nodule in anthracotic environment at the base of the left 
upper lobe, apparently distinctly calcified. Extensive adhesions surround 
the entire left lower and part of the left upper lobes. Three small fibrous 
cheesy tubercles, varying in size between a small pea and a pinhead, are 
found in the middle third of the left upper lobe. Marked firm cheesy-fibrous 
changes are present in the left interlobar bronchopulmonary lymph nodes. 

We have here two calcified subpleural foci in the right upper and lower lobes 
with only minimal evidence on the X-ray film of minute calcification, appar- 
ently in a lymph node along the right major bronchus. In addition there is 
a fibrous-cheesy complex with foci in the left upper lobe. There seems to be 
no relation between these two complexes. 

All foci and lymph nodes were examined histologically. The two calcified 
foci in the right upper and lower lobes proved to be subpleural lymph nodules, 
completely hyalinized and calcified. Bronchopulmonary and tracheobron- 
chial lymph nodes on the right side which grossly were negative showed a 
very firm, completely hyalinized, conglomerate tubercle in one node. (As 
mentioned above, calcified shadows pointing to minute parenchymal lesions 
in the right upper lobe and in a node along the right major bronchus were not 
found.) The three cheesy fibrous tubercles in the middle third of the left 
upper lobe showed typical histological pictures of encapsulated caseated 
conglomerate tubercles, surrounded by a fibrous wall (figures 11 and 12). 
Regional lymph nodes showed extensive cheesy-fibrous tuberculosis. A 
subpleural nodule at the basis of the left upper lobe which was expected to be 
an anthracotic lymph nodule, proved to be the real primary focus showing 
extensive bone formation with considerable marrow, containing some anthra- 
cotic pigment inside the bony ring (figure 13). There was no evidence of 
corresponding old tuberculous lesions in lymph nodes draining the left lung. 


Fic. 10 (upper left) Fic. 11 (upper right) 
Fic. 12 (center left) Fic. 13 (center right) 
Fic. 14 (lower) 
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Epicrisis: There is an old entirely ossified focus with all the criteria 
of an old tuberculous focus in the lower part of the left upper lobe near 
its basis. The other old calcified complex, including parenchymal lesion 
and a minute splinter in a lymph node, was not found; they were however 
suggested by the X-ray film. The finding of an old hyalinized conglom- 
erate tubercle in a bronchopulmonary lymph node on the right side and 
old calcified lesions in the two subpleural lymph nodules at the inter- 
lobar surface between the right upper and lower lobes with distinctly 
nodular tubercle-like structures, which are hyalinized and partly calcified, 
would support our impression that they are related to one calcified com- 
plex of the right lung. The three parenchymal tubercles in the left 
upper lobe form with the fibrous-cheesy regional bronchopulmonary 
lymph nodes a relatively recent complex. The involvement of the lymph 
nodes is very extensive, grossly and histologically. Again it seems to us 
that we might be dealing with three different periods of exogenous 
tuberculous infection; the oldest represented by a single, completely 
ossified focus in the base of the left upper lobe; the second, an old complex 
with calcified and hyalinized scars in the right lung and regional nodes; 
the third, the relatively recent complex of very typical gross and his- 
tological structure, in the middle third of the left upper lobe. 


Case 3: (B. G. H. 2927) White male, forty-nine years old; cause of death: 
narcosis. In this case, the macroscopical picture of the lungs and lymph 
nodes appeared quite complicated. There were found five small calcified 
foci in the right lower lobe and about ten cheesy-chalky foci, well encapsulated, 
in the same lobe. The right lower tracheobronchial lymph nodes showed 
slight calcification. In the right middle and upper lobe, seven small calcified 
foci were found, also four firm fibrous-cheesy nodular structures, some of 
which appeared to be subpleural lymph nodules. In the left lung, in addition, 
there were found about eight calcified foci and several nodular chalky lesions. 
There were no calcified changes in lymph nodes draining the left lung. The 
bronchopulmonary nodules however, on both sides, showed fibrous-cheesy 
tuberculosis and this was also seen in the right upper tracheobronchial and 
paratracheal nodes. 

Anatomically there was only clear evidence of an older calcified complex of 
the right lung. The relation between the many calcified foci scattered over 
both lungs to each other and to a fairly large number of chalky-fibrous foci 
and the lesions in the bronchopulmonary lymph nodes was not clear. Most 
of these lesions in the pulmonary parenchyma could not be recognized at 
gross dissection; the X-ray film gave a most interesting picture of them 
(figure 14). 
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All parenchymal foci and all bronchopulmonary and _ tracheobronchial 
lymph nodes regional to both lungs were examined. In the right lower lobe, 
six entirely calcified foci were found, two of which showed beginning bone 
formation, all had the same typical structure of calcified pulmonary foci, all 
had the same size. The somewhat larger cheesy-chalky foci in the same lobe 
showed typical cheesy pneumonia; all these were larger than the calcified 
foci and showed no calcification. The lower tracheobronchial lymph nodes 
on the right side contained entirely calcified stony structures together with 
rather recent cheesy-fibrous conglomerate tubercles. These caseated fibrous 
lesions were also found in subpleural lymph nodules surrounding the cheesy- 
chalky foci. In the right middle and upper lobes, seven entirely calcified 
foci were found, two of which were smaller than the others and showed dis- 
tinct bone formation. The cheesy-chalky lesions seemed to be restricted to 
the subpleural lymph nodules. In addition, a few cheesy pneumonic foci 
were found just as in the right lower lobe and a few caseated subpleural lymph 
nodules containing a few cholesterol crystals. Sections taken through the 
right upper tracheobronchial and paratracheal nodes showed cheesy conglomer- 
ate tubercles. In the left lung, calcified and chalky foci showed exactly the 
same structure as described above; many of them were entirely calcified, 
while the others showed the typical picture of encapsulated cheesy pneumonic 
tubercles. All lymph nodes regional to the left lung showed fibrous and 
caseated conglomerate tubercles. 


Epicrisis: We are dealing apparently with multiple primary foci in 
the right lung and a distinctly stony calcified complex component in the 
lymph nodes draining especially the right lower lobe and the hilar region. 
There are similar foci in the left lung of similar structure without roent- 
genological, gross or histological evidence of corresponding old lesions in 
their regional lymph nodes. There are also multiple recent caseated foci 
scattered over both lungs with corresponding cheesy fibrous tuberculosis 
in the lymph nodes draining both lungs. These represent apparently 
multiple reinfections, possibly with additional scattered intrabronchial 
spread in direct connection with this reinfection and distinct gross com- 
plex changes. There was no evidence of haematogenous spread to any 
organ. The histological picture of the more recent foci suggested a so- 
called bronchogenic nature. The tuberculosis in some subpleural lymph 
nodes was of the same structure as that found in the recent primary foci. 


Case 4: (B. G. H. 2754) White female, seventy-three years of age; cause of 
death; myocardial failure. There is a pea-sized calcified focus near the hilum 
in the left lower lobe in subpleural position. A few calcified splinters are 
found in regional bronchopulmonary lymph nodes on the left side. In the 
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right middle lobe there is a very small, entirely calcified nodule in subpleural 
position. Grossly there is no recognizable calcification in the lymph nodes 
draining the right lung; however in the X-ray film are visible a few minute 
whitish structures, apparently corresponding to sand-like calcified granules 
surrounding the bronchus at the hilum of the right lung. There are no other 
tuberculous lesions, old or recent, in the lungs or in any other organ. 

Histological examination revealed the nodule in the right middle lobe to 
consist of bone, containing rather active bone marrow with many bone marrow 
giant cells. The focus in the left lower lobe showed a thin bony wall sur- 
rounding a huge central calcified area, the entire structure having the typical 
histological picture of a primary focus with alveolar pneumonic pattern. 
Lymph nodes were not examined. 


Epicrisis: The focus in the right middle lobe appears very old; that in 
the left lower lobe appears not so old, although both were already firmly 
calcified. These findings together with the whitish shadows seen radio- 
logically in the corresponding lymph nodes on each side suggest that we 
are dealing with very late obsolete stages of stony complexes of possibly 
different ages. 


Case 5: (B. G. H. 3241) White male, thirty-six years old; cause of death: 
septicaemia. There is a pinhead-sized calcified focus in the right middle 
lobe and scattered calcified areas in regional bronchopulmonary lymph nodes 
at the hilum of the right upper and middle lobes. An X-ray film showed a 
very minute pinpoint calcified structure, laterally in the basal third of the 
left lower lobe, which at dissection was found to be surrounded by anthracotic 
pigment. There were no lymph node changes grossly or in the X-ray film on 
the left side. The relation of this minute focus in the left lower lobe to the 
apparently typical calcified complex in the right lung had to be determined 
histologically. 

Microscopically, the focus in the right middle lobe appeared quite typical, 
having a somewhat irregular bony ring with some marrow surrounding a calci- 
fied core. Around the bony ring a rather thick hyalin wall was seen. The 
regional lymph nodes showed typical minute, but rather firm, calcified de- 
posits surrounded by normal lymphoid tissue. The minute focus in the basal 
part of the left lower lobe was a calcified tuberculous focus, surrounded by a 
rather thick fibrous wall showing on the pleural surface a fibrous scar with 
some anthracotic pigment; its regional bronchopulmonary and lower tracheo- 
bronchial lymph nodes, which had appeared entirely negative grossly and by 
X-ray, contained a firm hyalinized conglomerate tubercle in one node. 


Epicrisis: We have, therefore, really two complexes, one of which is a 
typical stony structure, the other a calcified-fibrous complex with only 
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minimal fibrous microscopical changes in one corresponding regional 
lymph node. The complex in the right lung appears structurally older, 
especially if the lymph node changes of the two complexes are compared. 


SUMMARY 


Histological analysis of ossified, calcified and cheesy-chalky focal 
tubercles in the lungs and corresponding lymph nodé changes of obsolete 
and still active nature, which were found incidentally at postmortem 
examination of 5 white adults of eighty, fifty-nine, forty-nine, seventy- 
three and thirty-six years of age, suggested the possibility of three 
different periods of exogenous infection in 2 cases and two complexes of 
different age in the remaining 3 cases. The complex of the apparent 
reinfection in some cases showed the parenchymal focus already in a 
calcified state. The observations presented seem to prove that struc- 
tural distinctions between parenchymal foci or the entire complexes 
belonging to actually different periods of infection are becoming more 
and more blurred the older these infections are. The presence of multiple 
calcified complexes, especially if seen in adults of later life, does not 
necessarily indicate that they represent the obsolete remainders of 
primary lesions, acquired simultaneously at the time of the first infection. 
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XI. RECENT TUBERCULOUS COMPLEX IN ADULTS 


In the Presence of an Old Calcified Ghon Focus without Corresponding Lymph 
Node Changes 


In a previous paper (III) detailed morphological evidence was brought 
forward to prove that occasionally, our material included 5 instances out 
of a total of about 60 cases, primary tuberculosis in children can restrict 
itself to one or more small, parenchymal lesions in the lung. There was 
neither gross nor histological evidence that the tuberculous process had 
proceeded to the regional lymph nodes. These were found entirely 
normal with no traces, calcific or fibrous, of tuberculosis. This observa- 
tion was made also in a case with multiple primary foci which were in a 
chalky-fibrous state, apparently not completely healed. Only in one 
of our cases (case 5 of the paper quoted above) a comparatively recent 
reinfection had occurred from without bringing about recent tuberculous 
alveolitis and bronchiolitis within a few lobules. Many tubercle bacilli 
could be demonstrated in these caseated lesions, but none in the older 
pulmonary foci, of which about eighteen were found, mostly in a calcified 
or chalky fibrous state. 

In a following paper it will be shown that we found also in a consider- 
able number of adult cases only a single Ghon focus, or at most a few of 
these foci, all restricted to the lung tissue. They had the typical ana- 
tomical and histological appearance of a primary focus. No tuberculous 
change was found in the lymph nodes draining these foci. 

From this experience it seems to be proved that first tuberculous infec- 
tion can restrict itself to one or more, usually small, parenchymal lesions 
and can then heal completely. In all cases observed in adults there was 
no anatomical evidence of a further spread to the lymph nodes draining 
the areas where the foci were found, nor were there any haematogenous 
tubercles seen in any organ; the intestinal tract and its regional nodes in 
particular were entirely free of tuberculous lesions. The foci found in 
the parenchyma of the lung were the only tuberculous lesions in the 
entire body. 

We now wish to present in this paper a few cases in which at post- 
mortem examination gross inspection revealed a distinct cheesy or 
cheesy-chalky complex, and at that time this was thought to be the only 

154 


REINFECTION COMPLEX 155 


tuberculous lesion and, therefore, the primary complex. In all these 
cases one or more completely calcified foci were found in other lobes only 
with roentgenograms; when these were examined histologically they 
were found to be the real primary foci. However, the lymph nodes 
regional to these foci were free of tuberculous lesions. Neither on the 
X-ray film nor at gross dissection, nor microscopically were there any 
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PLATE 1 


scars or calcified lesions. The tuberculous nature of the old calcified foci 
could be proved beyond any doubt by histological analysis, showing the 
original caseated pneumonic pattern in the center of the focus. 

These cases, therefore, present a combination of old calcified pulmonary 
foci in a healed state with no evidence of further spread to the regional 
lymph nodes, combined with a new typical caseated or cheesy-chalky 
complex, formed by a second infection of the lung from without. In all 
the 8 cases which are used as the material for this paper, these anatomical 
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findings were entirely incidental; the cause of death was some nontuber- 
culous disease. As stated before, these anatomical observations seemed 
to prove that complete healing of an old primary pulmonary lesion can 
occur. This, however, does not prevent new infections from without. 
It is the second infection in these cases only which had lead to the forma- 
tion of a typical primary complex. So far we have no knowledge that 
such findings have been made on this specific combination of old Ghon 
foci restricted to the lung tissue with typical tuberculous complexes from 
a true reinfection. Our findings are charted on an imaginary plane 
through the lungs on plate 1. 


Fic. 1 


Case 1: (B. G. H. 4094) White female, age thirty-six; cause of death: foetid 
peritonitis. (The following report is copied almost literally from the original 
gross and microscopical protocol.) 

Anatomical report: There is a pinhead sized, completely calcified round 
nodule in the lower third of the right upper lobe near the posterior surface 
(figure 1), closely to the interlobar fissure, which is entirely obliterated by 
adhesions between upper and lower lobe. All bronchopulmonary lymph nodes 
draining the right upper lobe, especially those around the bronchus anteriorly 
and posteriorly and the right upper tracheobronchial nodes are small, fairly 
anthracotic, and soft. There is a lentil-sized fibrous cheesy tubercle in sub- 
pleural position with loose adhesions, in the middle third of the left upper 
lobe at the anterior aspect. A somewhat larger, pea-sized, subpleural cheesy 
focus is seen about 2 cm. below the former. A third subpleural, pinhead- 
sized cheesy focus is present above and lateral to the latter. All these three 
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structures appear firmly caseated (not calcified) and well encapsulated. Dis- 
tinct diffuse caseated tuberculosis is seen with beginning chalky changes in 
the anterior bronchopulmonary lymph nodes in front of the bronchus leading 
to the left upper lobe and in two anterior mediastinal lymph nodes above the 
pericardium. It was easy to cut through all these structures with a knife. 
A hazelnut-sized, cheesy focus, well encapsulated and soft is in the basal third 
of the right lower lobe underneath the diaphragmatic, surface. One lymph 
node regional to this focus between right lower and middle lobes shows a 
few pinhead-sized gray tubercles. The right lower tracheobronchial lymph 
nodes and the lymph nodes in the right pulmonary ligament are entirely free. 
Gross examination of both lungs in thin serial sections reveals an additional 
small cheesy focus with firm whitish center in the middle portion of the left 
lower lobe. 


Epicrisis: There is a healed calcified focus in the lower third of the 
right upper lobe, with no evidence of further spread to lymph nodes. 
A typical cheesy complex, with one or two foci, is in the left upper and 
one in the left lower lobe; the complex is restricted to the regional bron- 
chopulmonary and anterior mediastinal group on the left side. There 
is an additional single caseated focus in the base of the right lower lobe 
with small tuberculous changes in one interlobar lymph node regional 


to the right lower lobe. 

Gross diagnosis: One or two complexes of true reinfection, one of which 
most probably points to superinfection. Clear evidence of an old obso- 
lete primary lesion restricted to a single focus in the parenchyma of the 
right upper lobe. In addition a few minute, firm, sand-like structures 
within and underneath the pleura of the right lower lobe at the anterior 
surface; their gross and radiological appearance suggests small bone 
trabeculi within alveolar spaces. 


The following structures were examined histologically: calcified focus, lower 
third right upper; bronchopulmonary lymph nodes below the bronchus of 
the right upper lobe on the posterior surface, regional to calcified focus; right 
upper tracheobronchial lymph nodes close to the hilum; right paratracheal 
lymph nodes; primary focus and cheesy lymph nodes, (focus in the left upper 
lobe, node, regional bronchopulmonary); two subpleural cheesy tubercles 
near the level of the primary focus on the anterior surface of the left upper 
lobe; several chalky anterior bronchopulmonary and mediastinal lymph 
nodes regional to the left upper lobe; small cheesy-fibrous tubercle in the middle 
part of the left lower lobe; cheesy focus in the right lower lobe and regional 
interlobar lymph node with small tubercle; one bronchopulmonary node at 
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the hilum of the right lower lobe and all right lower tracheobronchial lymph 
nodes; a small lymph node in the right pulmonary ligament; subpleural sand- 
like calcified nodules on the lateral surface of the right lower lobe. 

Histological report: The calcified focus in the lower third of the right upper 
lobe (figure 2) is a typical old primary focus with a distinct bony ring, sur- 
rounded by some hyalin fibrous tissue; there is an alveolar pattern in the 
calcified center. Lymph nodes regional to this focus (bronchopulmonary 
below the bronchus to the right upper lobe, on posterior surface) show one 
minute tubercle with one typical Langhan’s giant cell. There are no calcified 
or hyalinized scars. The right upper tracheobronchial lymph nodes, close 
to the hilum, show a few recent fibrous-cheesy tubercles with central caseation 
and no encapsulation. The right paratracheal lymph nodes contain a few 
small hyalin and epithelioid-giant cell tubercles with central caseation. There 
are no old encapsulated tubercles. 

The focus in the right lower lobe is histologically a recent cheesy pneumonic 
focus surrounded by satellite epithelioid cell tubercles (figure 3); the regional 
interlobar lymph nodes contain huge recent conglomerate tubercles. The 
bronchopulmonary nodes at the hilum of the right lower lobe and all right 
lower tracheobronchial lymph nodes contain a large number of huge con- 
glomerate tubercles with central caseation (figure 4); in one of them a recent 
fibrous focus was found. The lymph node in the right pulmonary ligament is 
negative. 

On the left side the small cheesy-fibrous tubercle in the middle part of the 
left lower lobe was discovered on histological examination to be the “‘primary” 
focus. It was found to be a typical chalky pneumonic focus, with a thin 
fibrous capsule (figure 5); elastic stain showed a pneumonic caseated alveolar 
pattern in the centre. Two subpleural cheesy tubercles on the anterior 
surface of the left upper lobe were shown to be subpleural recent tuberculous 
lymph nodules. One additional intrapulmonary lymph nodule in the left 
upper lobe contained a chalky centre with a hyalin fibrous wall. The an- 
terior bronchopulmonary and mediastinal lymph nodes regional to the hilum 
of the left lung, especially to the upper lobe, showed typical chalky huge 
conglomerate tubercles (figure 6). 

The subpleural sand-like calcified nodules on the lateral surface of the right 
lower lobe consisted of thin bony fragments apparently brought about by 
metaplastic bone formation within organized inspissated alveolar exudate or 
transudate. (We shall discuss this peculiar type of “‘non-tuberculous” bone 
formation in one of the following papers.) 


Microscopical epicrisis: There is a healed ossified single focus in the 
right upper lobe but no corresponding old tuberculous changes in the 
lymph nodes. A chalky-cheesy complex with small but typical focus, 
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Fic. 4 (lower) 


Fic. 3 (upper right) 


Fic. 2 (upper left) 


159 
wr ‘ 


160 ANATOMICAL STUDIES ON TUBERCULOSIS 


encapsulated by a hyalin wall is in the centre of the left lower lobe and 
identical changes are seen in the anterior bronchial pulmonary and 
anterior mediastinal lymph nodes; similar changes are present in three 
subpleural lymph nodes in the anterior part of the left upper lobe (lower 


Fic. 5 


half). A caseated complex with soft huge focus, still in an active state, 
(satellites) is in the base of the right lower lobe and recent conglomerate 
tubercles with central caseation are found in the regional lower tracheo- 
bronchial lymph nodes, ascending into the upper tracheobronchial and 
paratracheal groups on the right side with recent, microscopical tubercles. 
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It seems to us, that the old calcified focus in the right upper lobe 
epresents the obsolete Ghon focus of the primary infection, which had 
taken place apparently many years ago. The two complexes in the left 
ung and in the right lower lobe are comparatively recent: that in the 
eft lung is firmly caseated with distinct chalky changes in the centre of 
the focus and of some lymph nodes; that in the right lung is of even more 
ecent appearance with evidence of focal progression into the lung tissue 
round the huge caseated lesion. The gross and histological structure 
of this latter complex points to an exogenous infection, independent of 
the complex in the left lung. Since the complex in the left lung is 
definitely not yet healed, the more recent complex in the right lower lobe 
represents a true superinfection. Both more recent lesions are later than 
and independent of the first and obsolete single focus. 


Case 2: (B. G. H. 4098) White male, forty years old; cause of death; typhoid 
bacillus septicaemia. Gross report: A recent tuberculous complex with 
hazelnut-sized firm cheesy focus is seen in the lower third of the left upper lobe 
near the anterior surface, and many caseated conglomerate tubercles are 
present in all anterior mediastinal lymph nodes draining this area. On the 
X-ray film (figure 7) a distinctly calcified focus near the lateral surface in the 
middle third of the right lower lobe is seen, but no lymph node changes are 
found, neither grossly nor radiologically. The focus of reinfection appears 
on the X-ray photograph as an indistinct gray shadow, the mediastinal nodes 
as grayish mottling. There is no evidence of calcification or of chalky changes 
in any lymph node group. 

The following structures were examined histologically: calcified focus and 
firm anthracotic nodule around the focus in the right lower lobe; right inter- 
lobar bronchial lymph nodes which are grossly negative; right lower tracheo- 
bronchial lymph nodes and pulmonary ligament which is grossly negative; 
the new primary focus in the left upper lobe and the satellite fibrous tubercles 
around the focus and regional mediastinal lymph nodes; the apices of both 
upper lobes. 

Histological report: The old focus in the upper third of the right lower lobe 
is a typical calcified, ossified focus with complete bony ring and distinct alveolar 
pattern within the calcified centre (figure 8). The nodule near the focus 
is an anthracotic lymph node and shows no tuberculous changes. The right 
interlobar bronchopulmonary lymph node shows a few anthracotic indurated 
small nodules; apparently of anthraco-silicotic nature. The right lower tracheo- 
bronchial and pulmonary ligament nodes are entirely negative. The focus 
in the lower third of the left upper lobe is a typical huge cheesy-fibrous tu- 
berculous focus in distinct fibrous encapsulation (figure 9). Two satellite- 
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like tubercles seen grossly are subpleural lymph nodules with old diffus, 
fibrous caseated tuberculosis. The mediastinal nodes regional to this area 
show large fibrous caseated confluent tubercles replacing most of the lymphoi< 


Fic. 7 (upper) Fic. 8 (lower) 


tissue (figure 10). (Both apices show grossly grayish induration in the left 
and bronchiectasis in the right apex; histologically this is borne out: atelecta- 
sis in fibrous induration in the right apex with thickening of the pleura and 
typical bronchiectasis in the left apex.) 
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Epicrisis: An old typical calcified osseous focus is present in the upper 
third of the right lower lobe; the lymph nodes regional to this focus are 
negative grossly and on the X-ray film; histologically, a few small firm 
hyalinized nodular structures are seen, probably of silicotic nature. A 
recent fibrous caseated complex with typical large focus is in the left 
upper lobe in the lower third and identical large caseated lymph node 


Fic. 9 (upper left) Fic. 11 (upper right) 

Fic. 10 (lower left) Fic. 12 (lower right) 
changes in the regional mediastinal group. These findings, therefore, 
clearly point to an old healed primary focus in the right lung, with no 
clear evidence of corresponding lymph node changes and to a typical, 
relatively recent caseated complex of true exogenous reinfection in the 
left lung. 


Case 3: (Mercy Hospital) I am indebted for this case to Dr. Norman Heilbrun 
Buffalo, New York). White female, twenty-seven years of age; death from 
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leucosarcomatosis. Anatomical report: In the middle third of the left lower 
lobe, near the anterior surface, a huge cherry-sized focus is found in subpleur:| 
position in firm chessy fibrous state, with very little chalky material in iis 
centre. Two interlobar lymph nodes and one upper tracheobronchial lymph 
node near the hilum of the left lung are markedly enlarged and diffusely 
caseated. The X-ray photograph shows in addition a pinhead-sized focus, 
completely calcified, in subpleural position, between upper and middle third 
of the left upper lobe and a similar entirely calcified focus in the basal third of 
the right lower lobe. Further dissection disclosed two lentil-sized, cheesy 
fibrous foci in subpleural position, each in one lobe of the left lung. 

Histological report: The cherry-sized focus (figure 11) shows histologically 
diffuse caseation and appears encapsulated by a thin fibrous band; there are, 
however, a few small fibrous conglomerate tubercles, which appear as firin 
nodular extensions in connection with the capsule. In the surrounding lung 
tissue a few small satellite-like, cheesy tubercles are found. The regional 
lymph nodes show histologically complete, diffuse caseation (figure 12). 

The two calcified foci found in the right lower and left upper lobes are firm 
stony structures, both showing a typical alveolar cheesy pneumonic pattern 
in elastic tissue stains, but only one has a distinct bony ring at the periphery 
(figure 13), while the other is walled off by a fibrous hyalin capsule. The 
lymph nodes regional to the whole right lung are normal; there is neither 
fibrosis nor calcification. 


This case was our first experience of this kind. The X-ray photo- 
graph was a complete surprise, inasmuch as the huge complex was typical 
of primary tuberculosis. There isno doubt that the stony foci in the right 
lung and left upper lobe are typical healed tuberculous lesions; since they 
are completely calcified and one of them partly ossified, they are 
certainly older than the large cheesy-chalky focus. 


Case 4: (B. G. H. 2071) White female, thirty-five years old; death from 
purulent peritonitis. Anatomical findings: A pinhead-sized calcified focus 
is present in the lower third of the right upper lobe near the anterior surface 
and its mediastinal border. This focus was found only after X-ray examina- 
tion. At autopsy merely a fibrocaseous hazelnut-sized focus was seen measur- 
ing 1.1 x 0.8 cm. in the lateral basal parts of the right lower lobe. In this 
case there is grossly no lymph node involvement, neither in the nodes regional 
to the calcified focus seen by X-ray, nor in the lower tracheobronchial group 
draining this lung. All bronchopulmonary nodes between the lobes are also 
negative. 

Histologically the focus from the right upper lobe is a typical calcified stone 
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surrounded by a distinct peripheral bony ring (figure 14). The focus in the 
right lower lobe shows diffuse caseation and fibrous encapsulation (figure 15). 
Che lymph nodes regional to the right lower lobe were examined in serial sec- 
tions and the bronchopulmonary group was put in one block with the lower 


Fic. 13 (upper left) Fis. 15 (upper right) 
Fic. 14 (lower left) Fic. 16 (lower right) 


tracheobronchial nodes; in one of these lymph nodes a small fibrous nodule 
was found containing a caseated centre (figure 16). (This lymph node might 
have belonged to either regional bronchopulmonary or to the lower tracheo- 
bronchial group.) All the lymph nodes taken from the upper tracheobron- 
chial group and from the anterior bronchopulmonary nodes in front of the 
right major bronchus are completely negative. 
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From this we may conclude that the small fibrous-cheesy tubercle 
found in one lymph node regional to the right lower lobe, had formed th« 
tuberculous complex to the fibrous-caseated focus in the right lower lobe 
The histological similarity of the structural changes in the large focu: 
and in the lymph node tubercle would support this view. We have 
therefore, a typical old healed stony and partly ossified primary focus i: 
the right upper lobe without any traces of further spread to the lymp! 
nodes draining this area and a relatively young caseated focus of post 
primary exogenous infection, with only microscopical evidence of local 
ized spread to one lymph node regional to this focus. 


Case 5: (B. G. H. 2027) White female, fifty-four years old; death from shock 
following gallbladder operation. In the right lower lobe near the base a smal! 
subpleural nodular lesion is found, 2 to 3 mm. in diameter, of somewhat soft 
consistency, only its capsule appears calcified to the naked eye. On cross 
section, this focus shows a sponge-like structure in its centre. It is surrounded 
by anthracotic pigment and fibrous scar-like tissue. In the middle third oi 
the left upper lobe, a hazelnut-sized cheesy focus is found, 0.8 cm. in diameter. 
The lymph node regional to this focus, including the bronchopulmonary and 
upper tracheobronchial groups, are bean-sized and show diffuse, rather firm 
caseation. 

Histologically the minute focus in the right lower lobe consists of bony 
tissue with a large central cavity, containing bone marrow and macrophages 
laden with anthracotic pigment. The bony ring is well preserved but thin; 
there is no calcified detritus left in the centre. The large caseated focus in the 
left upper lobe shows a typical cheesy pneumonic structure and little fibrous 
organization along its border. This large focus shows, in addition, a small 
fibrous tubercle close to the capsule. 


We are dealing, therefore, with a typical caseated complex in the left 
upper lobe and its regional lymph nodes. The fact that an old ossified 
primary focus was found containing very much bone marrow in the right 
lower lobe is sufficient evidence to consider the caseated complex in the 
other lung as a true and relatively young exogenous reinfection. Neither 
grossly nor in the X-ray photograph were any tuberculous scars or calci- 
fication found in the lymph nodes regional to the old and ossified focus. 

Finally 3 more cases will be mentioned briefly. In these, an old ossified 
focus was found and a chalky or calcified complex in addition apart from 
the ossified focus. Only in one case were the obsolete lesion of the first 
infection and the cheesy-chalky focus of the reinfection found in the 
same lobe. In the 2 other cases the old focus and the more recent focus 
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vere in different lungs. 
he following table: 


SITE AND STRUCTURE OF 
PRIMARY FOCUS 


Left lower lobe. 
pletely _ossified 
much bone marrow. 

Right upper lobe near 


Female 


hilum. Entirely ossified | 
within a bronchiole, sur- | 


Com- | 
with | 
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The findings in these 3 cases are presented in 


SITE OF COMPLEX OF REINFECTION, 
ANATOMICAL STRUCTURE OF FOCUS OF 
REINFECTION 


Right lower with markedly calci- 
fied lymph node changes. Focus 
calcified within wide hyalin band. 

| Two foci, one in right upper, one in 

right lower lobe. Lymph node 
changes in right bronchopulmo- 


nary nodes. All incheesy-chalky 

state. 

Right middle lobe. En- | Middle third of left upper lobe. 
tirely calcified with | Focusand regional upper tracheo- 
marked bone formation. bronchial lymph nodes markedly 

cheesy-chalky. Additional 
cheesy-chalky focus base right 
lower lobe (apparently by ex- 
tension from complex of rein- 
fection). 


rounded by hyalin scar. | 


50 Female 


SUMMARY 


At postmortem examination of 8 white adults, the ages of whom 
ranged between twenty-five and fifty-four years, typical caseated or 


cheesy-chalky complexes were found incidentally. In every respect 
they were typical of a primary tuberculous complex, in some cases with 
rather large Ghon foci. X-ray photographs of the lung specimens re- 
vealed in addition old, mostly single, calcified or partly ossified, paren- 
chymal foci in a lobe other than the one containing the caseous focus 
belonging to the recent complex. No corresponding tuberculous changes, 
however, could be found in any lymph nodes regional to the old foci. 
These, at histological examination, showed all the typical criteria of 
obsolete, stony Ghon foci. This combination of lesions (heretofore 
apparently unknown) proves that occasionally only the exogenous rein- 
fection can produce the picture of a typical primary complex (Ranke), 
while the real primary infection, found in a healed obsolete state, had 
restricted itself to a single parenchymal lesion without gross or histo- 
logical trace of any spread to its regional lymph nodes. 
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XII. PRIMARY TUBERCULOUS FOCUS WITHOUT LYMPH 
NODE CHANGES IN ADULTS 


In a previous paper it was stated that, at autopsy in children who had 
died from different causes, occasionally typical primary tuberculous foc’ 
are found incidentally as the only tuberculous lesions. We quoted one 
observation of Ghon and Kudlich (1) in a girl thirteen years of age, and 
a second case observed in a child reported by Kudlich alone (2); to these 
we were able to add 5 cases from our own material, 4 of these fairly 
completely controlled by roentgenograms, gross dissection and serial 
histological sectioning of all lymph nodes draining the areas in which the 
foci were found. ‘These findings seemed to us of considerable importance, 
as they were exceptions to the generally accepted belief that, wherever 
tuberculous infection occurred, it not only would form a focal paren- 
chymal lesion but would spread from there to one or more regional 
lymph nodes. 

Our studies in the past years have indicated that primary tuberculosis 
frequently occurs in early adult life, and’our material contains a consider- 
able number of instances in which, just as seen in the cases in children 
observed above, only one or a few recent or more often calcified pul- 
monary foci were found of typical histological structure as the only 
tuberculous lesion in the body. In all these cases the bronchial medi- 
astinal lymph nodes, in particular those regional to the areas with the 
Ghon focus, were found entirely free of tuberculosis. There was no 
calcification or hyalinization which is so frequently seen in obsolete states 
of lymph node tuberculosis. With very few exceptions, in which minute 
microscopical fibrous tubercles were found, usually in subpleural lymph 
nodules within the lung tissue close to the parenchymal focus, (these will 
be cited later) all lymph nodes and lymph nodules regional to the primary 
focus or foci were free of tuberculosis or any pathological change sugges- 
tive of tuberculosis. _ 

Among 245 cases in adults we have found 22 instances in which the 
primary tuberculous infection had restricted itself to one or two or three 
single parenchymal foci in the lung. They were found at different levels 
in both lungs but not in the apex of the upper lobes. This incidence 
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seems surprisingly high to us, since so far only one similar observation in 
an adult, sufficiently well controlled, is known in the literature. This was 
reported by Ghon and Kudlich in a paper entitled Is there a Primary 
Tuberculous Infection without Corresponding Changes in the Regional 
Lymph Nodes? In the case of Ghon and Kudlich, a female thirty-six 
years of age, who had died from a glioma of the pons, two pea-sized en- 
capsulated nodules were found in the lung tissue in the cranial third of 
the right upper lobe very close to each other. Both were histologically 
firm caseated foci, encapsulated by a dense hyalin wall. The smaller 
one showed distinct calcification in its centre but no bone formation. 
All lymph nodes draining this area were examined in complete serial 
sections with entirely negative results. 

Our material is divided into three groups: in the first group all lymph 
nodes regional to the area where the primary focus or foci were found 
were cut in complete serial sections (table 1); in the second group no 
complete serial sections of the lymph nodes, but about 10 sections of 
each block were taken, all these nodes were grossly and roentgenologi- 
cally entirely negative for tuberculosis, (table 2); in the third group no 
histological proof can be given as far as the lymph nodes are concerned, 
but the roentgenograms and careful gross examination did not reveal 
any recent or old tuberculous lesions (table 3). 

The location of the primary foci in all cases is indicated in the 
schematic drawings, complementary to the corresponding tables 1, 2 
and 3 (plate 1). 

The findings as presented in tables 1, 2 and 3, hardly require any 
comment. In many cases the single focus might have been formed 
many years previous to death, possibly during childhood. In some of 
them, especialiy in cases 1 and 4 (table 1) and in case 5 (table 2), the 
histological picture pointed to a relatively recent age; there was no calci- 
fication. In one of these the microscopical finding of one single hyalin 
tubercle in a lymph node regional to the area of the single round fibrous 
lesion was a rather welcome proof of the tuberculous nature of the single 
fibrous focus. The histological picture of this was that of a nonspecific 
fibrous scar. Histologically this case, therefore, really represents a 
tuberculous complex, although of microscopical nature as far as the 
lymph node component is concerned. Likewise, in another case of our 
first group a hyalin calcified tubercle was found microscopically in a 
subpleural lymph nodule close to one parenchymal focus, which was in 
a stony state, walled off by a bony ring (5). 
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TABLE 1 
NUMBER HISTOLOGICAL CHARACTER OF FOCUS 
OF FOCI OR FOCI 


Female Recent fibrous-cheesy with chalky cen 

tre (figure 1) 
3129 | 21 Female Calcified with thin bony wall (figure 2 
3138 22 Female Calcification with beginning bone forma 


tion (figure 3) 
3557 Female Fibrous (microscopical hyalin tubercle 
in one regional lymph node) (figure 4 
Female Calcified with bony wall (one tuberck 
in a subpleural lymph node) (figure 5 


NUMBER HISTOLOGICAL CHARACTER OF FOCUS 
OF FOCI OR FOCI 


Male Calcified with bony ring 

Female Bony-fibrous and calcified-fibrous 

Male Calcified 

Male Calcified with thin bony wall (minute 
focal extension around one focus) 

Female Dense cheesy-fibrous (X-ray film nega- 
tive) 

Male Calcified bony 


TABLE 3 


| NUMBER : = 
OF FOCI HISTOLOGICAL CHARACTER OF FOCUS OR FOCI 


Calcified bony wall 
Bony (two subpleural lymph nodules 
apparently calcified) 
Beginning bone formation 
Female Bone with marrow 
Female Calcified fibrous 
Female Thin bony shell 
Female | Calcified 
3295 | | Male Calcified with beginning bone formation 
(regional intrapulmonary node one 
fibrous tubercle) * 
2579 | Female k Calcified with bony ring 
3291 | Female Calcified bony wall 
4197 | 25 Female Calcified bony ring (calcification in two 
| small subpleural lymph nodes) 


* This case is not schematized on plate. 
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(1) 
(2) 
(3) 
(4) 
(5) 
TABLE 2 
(1) 2073 | 48 
(2) 3007 | 23 
(3) 3099 25 
(4) 3464 17 
(5) 3781 24 
(6) 2101 | 60 
wouner | x 
| years 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
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Among the 11 cases in table 3, there are 3 in which histologically, in 
yne or two subpleural lymph nodules in close relation to a typical calcified 
bony parenchymal focus, calcified or calcified-fibrous tubercles were 
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found. These small nodules were thought to be also parenchymal foci 
when they were found at dissection; on the roentgenogram they appeared 
as minute calcified lesions. In the absence of any other tuberculous 
lesion in the lung except the one or two typical Ghon foci, the micro- 
scopical findings of these obsolete tubercles in subpleural lymph nodules 
can again be considered as the lymph node component of an obsolete 
tuberculous complex. Whether or not additional fibrous tubercles were 
present in bronchopulmonary or tracheobronchial lymph nodes cannot 
be stated for lack of histological control of these lymph nodes. 

Finally, in 3 cases (5, table 1; 4, table 2; 10, table 3) one or a few addi- 
tional foci in the lung tissue were found, smaller than the Ghon focus or 
foci, but also in a calcified state. They were very minute in one case 
and very close to one of the primary foci, which was transformed into a 
typical calcified stone, surrounded by a bony ring. In the 2 other cases 
they were also completely calcified, but did not contain bone, as did the 
primary focus: we felt, in the absence of any other tuberculous lesion 
within and outside of the lungs, that these few small additional lesions 
might represent healed states of secondary parenchymal lesions which 
had followed direct bronchial extension from the primary foci while they 
still were in an active state. We shall present more evidence of this 
type of restricted focal tuberculosis in connection with a more or less 
active primary focus in later papers, dealing with this type of focal intra- 
bronchial extension exclusively. 

The primary focus in one case (4, table 1) was found only by careful 
dissection as a subpleural fibrous oblong lesion, not well defined, with 
distinct thickening of the pleura above. This entire lesion was the size 
of a small lentil, distinctly grayish white in color. The roentgenogram 
was, of course, negative as to shadow giving foci. On the other hand, 
an obsolete focus consisting exclusively of bone marrow with a thin bony 
shell was not visible on the X-ray photograph in case 4 (table 3). It was 
found as a surprise at lamellation of the lung. This radiologically 
interesting terminal feature will be discussed in detail in later papers 
dealing with some radiological aspects of diagnosis and differential diag- 
nosis of ‘‘calcified” and ossified focal lesions in the lung. 

The regular use of roentgenograms, especially in such cases as appeared 
negative on gross inspection, has yielded some of these unexpected foci 
without lymph node changes. Students trained in anatomical search for 
primary foci usually dissected the lymph nodes first. When these were 
found to harbor grossly recognizable lesions, it was taken for granted that 
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these represented the lymph node component to the Ghon focus which, 
then, was searched for in the tributary pulmonary tissue. If however 
no tuberculous lesions were found in the routine postmortem examination 
of the tracheobronchial lymph nodes, in the past, as a rule, no primary 
‘ocus in the pulmonary tissue was expected; so rigidly was the law of the 
orimary complex (Ranke) adhered to, especially in such pathological 
nstitutes in which dissection of the primary complex was a routine 
yostmortem procedure and to which we greatly are indebted for their 
exact anatomical methods in the study of the pathogenesis of human 
‘uberculosis. On the other hand, we have found occasionally that care- 
‘ul gross dissection of the lung might yield incidentally a single primary 
tuberculous focus in a recent state which had not been visible on the 
roentgenogram. This, on account of the lack of tuberculous lymph node 
changes, had not been expected. 

It was perhaps necessary to establish the fact beyond any doubt that 
there are exceptions to the law of Parrot; that, in other words, first tuber- 
culous infection might form only the Ghon focus but not a Ranke com- 
plex. These foci, entirely restricted to the pulmonary tissue, do not 
differ in size or structure from the typical Ghon focus as seen in all 
primary infections of the lung with typical complex changes in their 
regional lymph nodes. 

We now can understand much better such combinations of tuberculous 
lesions in adults, and these might also occur in children, in which one or 
more typical complexes were found in the presence of a single old Ghon 
focus restricted to the lung. (We dealt with these in the foregoing 
paper.) These, with some other findings in our study, seem to illustrate 
how necessary it is that, at least morphologically, each case is examined 
individually. The practical significance of such findings might seem 
small at first; however the finding of true exogenous reinfection with a 
real complex in the presence of such an old single primary focus proves 
that successful restriction of a primary lesion to the lung tissue with 
complete anatomical healing is no protection against a new infection. 
In fact this latter might lead to progression of the tuberculous infection 
from the complex of reinfection. 

We do not know how frequently first tuberculous infection in adults 
might show the single focal lesion without further spread to the lymph 
nodes; whether our figures (about 8.4 per cent) could be indicative of the 
actual incidence of this type of primary tuberculous infection among a 
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much larger number of adults, we cannot state. It seems to us that they 
are not exceptional and not even infrequent. 


SUMMARY 


Single or, in a few cases, two to four primary foci were found at post- 
mortem examination in the lung tissue of white adults without evidence 
of complementary changes in the regional lymph nodes draining the 
areas where the Ghon foci were present. In 5 cases the absence of such 
lesions was proved by complete histological serial sections, in 6 cases by 
selected serial sectioning of the regional intrapulmonary and broncho 
mediastinal lymph nodes. In the remaining 11 cases no histologica! 
proof could be furnished as to the absence of tuberculosis in all the lymph 
nodes regional to the primary foci. Roentgenograms and careful gross 
dissection gave negative results. The primary foci were the only tuber. 
culous lesions found in the entire body. These findings prove that there 
are exceptions to the rule (law of Parrot) that in first tuberculous infection 
the lymph nodes draining the area of the primary lesion are always 
involved. 
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PATHOGENESIS OF BRONCHIECTASIS'! 


FELIX FLEISCHNER 


On May 10, 1939 at the seminar in the X-ray Department of the 
Massachusetts General Hospital, 3 cases of benign bronchial tumors were 
presented. These cases seem to furnish a basis for a brief discussion of 
the pathogenesis of bronchiectasis. The histories of the cases are here 
given in brief. 


Case 1: U 187470. A thirty year old male had, five years previous to admis- 
sion, his first attack of cold, sweating and coughing-up of a large amount of 
blood with clots. During the next five years there were seven such attacks. 
There was never foul sputum or the slightest malaise between attacks. The 
roentgenological examination (Doctor Schatzki) showed obstructive 
emphysema on the right, characterized by increased brightness and respiratory 
shift of the mediastinum. After lipiodol injection a round tumor was seen, 
which obstructed the right bronchus just below the carina. There was no 
collapse or bronchiectasis beyond. The pathological diagnosis of the biopsy, 
which was taken bronchoscopically, was neurofibroma. The tumor was 
removed by means of bronchoscopy (Doctor Benedict). Since this time the 
patient has been essentially free of symptoms. 


Case 2: U 97965. A twenty year old married woman gave on admission to the 
hospital the following pulmonary history: two years ago she had pain in the 
lower left chest for the first time. She was told she had a pleurisy and was in 
bed for three weeks. One yearago during the fifth month of pregnancy she again 
had left chest pain with dry cough. This time she coughed or vomited a large 
amount of blood. Subsequently throughout the pregnancy this haemoptysis 
or haematemesis recurred at monthly intervals. Eight months ago she was 
delivered of a normal baby, and following the pregnancy there was no cough or 
haemoptysis. She developed endometritis and pelvic phlebitis and three 
months ago she was operated on. Twelve days after operation she again 
developed chest pain, cough, blood-tinged sputum and fever of 102.5°F. 
An X-ray film of the chest revealed a consolidation of the left lower lobe. Dur- 
ing the two months prior to admission she had recurrence of left chest pain, 


1From the X-ray Department of the Massachusetts General Hospital, Boston, Massa- 
chusetts. 
297 


= 


298 FELIX FLEISCHNER 


cough, yellow sputum with streaking, chills and fever. She has not regained 
her strength. The physical examination revealed dulness at the left base 
posteriorly, diminished breath sounds and tactile fremitus, no rales, no clubbed 
fingers. The X-ray examination (Doctor Schatzki) showed a tumor (probably 
benign adenoma) at the orifice of the lower lobe bronchus on the left side 
producing collapse with bronchiectasis in the left lower lobe. Bronchoscopy 
(Doctor Benedict) confirmed the presence of a round mass almost completely 
occluding the left main bronchus. The pathological diagnosis of the biopsy 
taken during bronchoscopy was adenoma. In repeated bronchoscopies the 
tumor was removed. Ina short time the patient was free of symptoms. She 
had no complaints other than an occasional morning cough, there was no 
sputum, and she gained in weight. The last X-ray examination, seven months 
after the operation, showed the left lower lobe still collapsed, the bronchi 
dilated. Summary: A twenty year old woman developed a benign adenoma 
in the left main bronchus, which occluded the lower lobe bronchus. The tumor 
made itself known by occasional dry cough and haemoptysis. The symptoms 
began with an acute lesion in the lower part of the left chest which at that 
time was supposed to be a pleurisy, but probably was a collapse of the left 
lower lobe. Two years later, after an abdominal operation, bronchiectasis 
which had been dry until that time became purulent and the condition was 
revealed by X-ray. After bronchoscopical removal of the tumor the puru- 
lent bronchitis subsided in a short time and the patient became symptom-free. 


Follow-up studies in the past show that the.dry bronchiectasis in the collapsed 
lobe has persisted. 


Case 3: U 136723. A sixteen year old female gave a ten year history of 
pulmonary symptoms. At the age of six years she had onset of a dry cough 
with an upper respiratory infection following which she had mild pleuritic 
pain on the right. Seven years later she developed pneumonia with productive 
cough. This productive cough, dyspnoea and unilateral wheezing continued 
until admission to the hospital. Four months prior to entry she had a massive 
haemoptysis, followed by intermittent blood-streaking of the purulent sputum. 
The X-ray examination (Doctor Schatzki) revealed a probably benign tumor 
at the bifurcation of the right lower and middle lobe bronchus producing com- 
plete obstruction of the lower lobe bronchus and partial obstruction of the 
middle lobe bronchus. There was complete collapse of the lower lobe with 
bronchiectasis. Bronchoscopy (Doctor Benedict) confirmed the X-ray find- 
ings and biopsy showed adenoma. Lobectomy of the right lower and middle 
lobe was done by Doctor Churchill with the finding of dense vascular pleural 
adhesions. Pathological examination of the resected lobe (Doctor Mallory) 
revealed complete collapse of the lower lobe. In the main bronchus at the 
bifurcation into the middle and lower lobe bronchi there was a smooth ovoid 
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tumor mass 1.6 x 0.8 x 1.0 cm. which completely occluded the lower lobe 
bronchus and partially occluded the middle lobe bronchus. The tumor was 
attached to one side of the bronchial wall and all the bronchi distal to the tumor 
were tremendously dilated. There was increase of fibrous tissue along the 
pulmonary lymphatics. The bronchial mucosa showed virtually no evidence 
of inflammation. The alveolar tissue was mostly collapsed, but foci of com- 
pensatory emphysema were noted. The middle lobe showed subcrepitant 
parenchyma. The bronchi were slightly dilated. The mucosa of the bronchi 
was gray and glistening, showing no gross evidence of inflammation. Summary: 
A benign adenoma of the right main bronchus had developed over a period of 
about ten years. The first symptoms were dry cough and occasional pleuritic 
pain. During a pneumonia-like respiratory infection there developed a pro- 
ductive cough and unilateral wheezing which persisted. Later a profuse 
haemoptysis occurred. X-ray and pathology studies revealed a nearly com- 
plete obstruction of the right lower lobe bronchus and a partial occlusion of the 
middle lobe bronchus with complete collapse and fibrosis of the lower lobe and a 
large amount of bronchiectasis; lesser changes had developed in the middle lobe. 
The pathologist reported that the bronchial mucosa showed virtually no 
evidence of inflammation. 


The aim of this discussion is to contribute by means of these cases to 
the problem of bronchiectasis. In all 3 cases the tumor led to patho- 
logical changes in the lower lobes. In the first case obstructive em- 
physema of the right lower lobe was observed. The X-ray appearance 
of bronchostenosis and ball valve obstruction have been known since the 
observations by Holzknecht and Jacobson in 1898. By the effect of 
such a ball valve stenosis there develops obstructive emphysema in the 
obstructed part of the lung. In the past few years Laurell and Wester- 
mark have emphasized that this obstructive emphysema very often is 
early evidence of a beginning bronchostenosis, pointing out a valuable 
X-ray sign of bronchogenic cancer which may lead to the diagnosis be- 
fore any other signs or symptoms manifest themselves. 

It may be mentioned parenthetically that an anatomical ball valve 
mechanism does not necessarily have to exist in order to produce the 
physiological effect that is usually associated with the typical picture of 
the so-called ball valve obstruction. Under normal conditions in- 
spiration occurs with a high pressure difference in a relatively short period 
of time, as compared with expiration which is characterized by a lower 
pressure difference acting over a longer period of time. This physio- 
logical fact may account for a functional ball valve effect in a bronchial 
stenosis that is not due to an actual pedunculated or movable tumor. 
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Furthermore the diameter of a bronchus is larger during inspiration than 
during expiration. Hence it can easily be seen how a tumor occupying 
the bronchial lumen would produce a more obstructive effect during 
expiration than during inspiration. (As a hypothetical example of this: 
any tumor the size of which naturally is not influenced by respiration 
may obstruct the inspiratory lumen by 25 per cent, whereas it might ob- 
struct the narrower expiratory lumen by as much as 40 per cent.) In- 
creasing bronchial stenosis may result in collapse, inflammation, or both, 
of the lobe supplied by the obstructed bronchus. 

Case 1 is an example of pure obstructive emphysema of the right lower 
lobe. Except for emphysematous distention, this lobe shows no gross 
pathological changes of its parenchyma or its bronchi. This sort of 
condition might almost be considered as a functional disturbance, be- 
cause its origin may be derived from the impaired ventilation due to the 
partial bronchial block, and it may be reversible as it has been observed 
after extraction of aspirated foreign bodies. 

The normal or even increased air content of the lobe may be deceiving 
in that it may cause one to overlook an essential fact. The air trapped 
in the affected lobe takes much less part in the ventilatory exchange than 
under normal conditions. In other words, the air in the lobe becomes 
stagnant. Bronchostenosis may occur without producing obstructive 
emphysema. In these cases the obstruction of the bronchus is com- 
pensated by other respiratory factors. However, in these cases, too, 
there is probably more or less stagnation in the obstructed areas, accord- 
ing to the experience of Bronckmann with the double-tube bronchoscope. 

It is now in order to comment briefly on the plasticity of the lung. 
We shall use the term plasticity as applied to an organ, particularly a 
hollow viscus, as referring to its ability to undergo a plastic deformation 
under the influence of a deforming force. We shall avoid the use of the 
term elasticity which is sometimes used in this connection because the 
strict physical term “elasticity” does not indicate the properties and 
conditions in the tissue with which we are dealing. This plasticity of 
hollow viscera in shape and size depends mainly upon frictionless empty- 
ing and refilling of this organ with air or fluid. For instance, with a 
stone in the cystic duct even if the muscles and elastic elements of the 
gallbladder wall are functionally intact, the gallbladder will fail to con- 
tract due to the obstruction which prevents the outflow of bile. An 
obstruction of a bronchus exerts a similar effect on the obstructed por- 
tion of the lung. It reduces the plasticity—it makes it stiff. But not 
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only is the whole area involved, but also each component of the area, 
namely, each lobule, each alveolar sac. We shall refer to this later. 

The 3 cases just considered are very similar inasmuch as they are all 
stenosing benign bronchial tumors. They differ only in the degree of 
the sequelae resulting from the stenosis. If we look at these 3 cases as 
different developmental stages of the same disease we may classify case 
1 as the earliest stage. In this case there is a stenosis and beyond it 
obstructive emphysema without other gross pathological changes of the 
lung and the bronchi. Case 3 may be considered as the late stage, for 
here we observe complete collapse of the lobe beyond the stenosis and 
evidence of marked purulent bronchiectatic changes, clinically and 
roentgenologically. In case 2 the growing intrabronchial tumor seems 
to have produced a collapse of the left lower lobe with dry bronchiectasis. 
A superimposed purulent bronchitis led to the discovery of the condition. 
Case 2, pathogenetically, may be placed between the first and the last. 

These cases demonstrate the underlying causative factor of bronchiec- 
tasis with the clearness of an experiment. At first there is stenosis of the 
bronchus without other intervening changes. Its apparent mechanical 
effect is an impairment of the ventilatory air current in the affected lobe. 
The consequences to the lung itself of the disturbed ventilation are mani- 
fold and intricate, even if we omit the interference with the gas ex- 
change. First, we may consider the mechanical problem and refer to 
the pulmonary plasticity as defined above. The decrease in ventilatory 
exchange means a decrease in respiratory plasticity of the lung and this 
moreover raises difficulties in the spatial adjustment during the alternat- 
ing phases of respiration. One can prove this by measuring the intra- 
pleural pressure. In case of reduced pulmonary plasticity the gap be- 
tween inspiratory and expiratory intrapleural pressure is found to be 
increased as compared with normal figures. One can even directly 
observe the impairment of respiratory plasticity of an obstructed lobe 
by means of fluoroscopy or by films taken in inspiration and expiration. 
The affected lobe fails to change its size during respiration. 

The next important step is retention of secretion in small bronchi and 
bronchioles by ineffectiveness of hawking up and coughing due to the 
deficient respiratory air current in the bronchi of the involved area. 

There are several factors taking part in the self-cleansing mechanism 
of the lung, the removal of normal and pathological bronchial secretion, 
of which only normal breathing and coughing will be discussed here. 
With a hawk or cough a sudden, rapid expiratory air current arises in 
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the air passages. Particles of secretion are torn loose from the bronchial 
walls and swept toward the pharynx and mouth. Rohrer has shown 
that this elimination is the more complete, the faster the speed of the 
air current is. There is another condition to make the hawk efficient as 
a means of clearing the air passages. A vigorous inspiration precedes 
the cough. According to Lindsky and Van Allen, a sufficient amount of 
air must be present in the bronchioles and air chambers in order that 
the cough be explosive and strong enough to carry off the secreted mate- 
rial. It is obvious that the bronchial walls will not be swept clean unless 
there is sufficient air available in the periphery. Thus it becomes evi- 
dent that any general or local disturbance in breathing and any impair- 
ment in coughing results in a decrease of the self-cleansing capacity of 
the lung. The retained secretion wili plug small bronchi and atelectasis 
of the obstructed portions of parenchyma may ensue. Accidental 
respiratory infections may intensify this series of events. 

We feel that these cases of noninflammatory benign bronchostenosis 
show beyond doubt that the impaired ventilatory movement of the 
lung is the first link in the concatenation of events, and we derive from 
this observation that even without such gross morphological broncho- 
stenosis a similar ventilatory deficiency, due to any other cause, may 
result in a similar sequence of pathological changes. Little attention 
has been given to the interrelation between deficient ventilation and the 
development of bronchiectasis. In cases of aspiration of foreign bodies, 
however, the causative connection of bronchostenosis, atelectasis and 
bronchiectasis has been known for a long time through the rapid succes- 
sion of the events and the frequently noted recession of the pulmonary 
changes after removal of the obstructing plug. 

To avoid misunderstanding, attention should be directed to the fact 
that stenosis of a main or lobar bronchus, as in our 3 cases or in the case 
of an aspirated foreign body, represents only one out of several possible 
occurrences which reduce the ventilation. The occlusion of small 
peripheral bronchi and bronchioles, as will be referred to below, appears 
to be a further indispensable link in the pathogenesis of bronchiectasis. 

In most textbooks of internal medicine, surgery and pathology, the 
pathogenesis of bronchiectasis is attributed to a series of causes and 
conditions. Among these are bronchitis, measles, whooping cough, 
influenza, pleurisy, pneumonia, inhalation of dust, tuberculosis, etc. 
Different authors advance various explanations concerning the rdle 
these diseases play in the production of bronchiectasis. The causative 
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factors are grouped as intrinsic and extrinsic ones. Acute and chronic 
bronchitis are supposed to act through inflammation of the bronchial 
wall, thus reducing its solidity and resilience. The wall easily yields to 
the intrabronchial pressure. This pressure is said to be increased by the 
weight of the stagnant secretion and, furthermore, by pressure during 
the paroxysms of coughing. As extrinsic agents there are mentioned 
the contraction of the surrounding parenchyma due to scarifying tuber- 
culosis and chronic pneumonitis. Pleural adhesions are included as 
causative factors. Bronchostenosis is mentioned as a possible aetiology, 
but almost always with the restriction that bronchostenosis is very rare 
and therefore of no importance for the explanation of the general pa- 
thology of bronchiectasis. Atelectatic bronchiectasis also is mentioned, 
the atelectasis usually being considered as congenital. Until the past 
few years the great significance of atelectasis in pulmonary pathology 
was almost completely unknown. Furthermore, the congenital origin 
of bronchiectasis is emphasized on the basis of some proved cases. 

But from all these reports one gets the impression that the authors 
themselves are not at all satisfied with the traditional enumeration. 
Sometimes even one or the other of these classical teachings is rejected. 
For instance, Boyd does not recognize a physical basis for an increase 
of the intrabronchial pressure due to cough. Heuer will not recognize 
the influence of pleurisy. MacCallum discussed all opinions critically, 
stating at the end of the chapter, “‘But these things are hardly definitely 
demonstrated as yet, and the question needs further study.” 

In the past few years investigators in this country, especially, have 
made important observations dealing with the simultaneous occurrence 
of bronchiectasis and atelectasis. In 1934, Anspach gave evidence of the 
relation between bronchiectasis and atelectasis of the lower lobes in 
children. Anspach, Holinger and Clerf emphasized the aetiological 
importance of bronchostenosis, due to foreign bodies, glandular com- 
pression of the bronchus, granulation tissue and, especially in children, 
of retained tenacious secretion. All authors agree that mild pulmonary 
infection plays a causative réle. Lee, Lander and Davidson demon- 
strated that bronchial dilatation occurs as soon as the lung becomes 
atelectatic. ‘‘Atelectasis precedes and plays a prominent and most con- 
stant réle in the development of a common type of bronchiectasis of the 
lower lobe,” according to Anspach. Lord states the pathological process 
in the lung is ordinarily more important than the bronchial dilatation. 
Ambrus attributed the leading réle to atelectasis. Weinberg, Adams 
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and Escudero succeeded in producing atelectasis and bronchiectasis 
experimentally by bronchial obstruction. 

As soon as attention had been attracted to the coincidence of bron- 
chiectasis and collapse, such observations became quite common. Al- 
most every clinician, pathologist and roentgenologist nowadays is ac- 
quainted with these facts. The frequency of this coincidence apparently 
proves a causative connection. How is this connection to be interpreted? 

Three facts in the history of our knowledge of the pathology of bron- 
chiectasis might be stated here. As early as 1835 Reynaud observed the 
occlusion of bronchial branches distal to bronchiectasis. For the first 
time the thought occurred that block of some of the pulmonary tissue 
by obstruction of air-supplying bronchioles leads to a bronchial dilata- 
tion in the bronchi of the next higher order. Corrigan stated in 1838 
in his observations on Pulmonary Cirrhosis that consolidation and con- 
traction of the pulmonary tissue precedes the distention of bronchi. 
His description of cirrhosis corresponds to what is known to-day as 
chronic massive atelectasis. Rokitansky in 1842 also recognized the 
occlusion of bronchial branches peripheral to bronchiectasis. He de- 
scribed the collapse of the respiratory parenchyma. He emphasized 
that collapse, contraction and ultimate obliteration of the surrounding 
pulmonary parenchyma is the primary lesion, that the bronchial disten- 
tion is the ensuing secondary stage. The findings of Reynaud, Corrigan 
and Rokitansky were observed again and again in the last century and 
can be seen every day. They have been recorded, but never given 
enough consideration. 

The roentgenograms of dilated bronchi filled with lipiodol show an in- 
teresting condition, which, as far as I know, was first emphasized by 
Findley and Graham. In the normal bronchial tree, the oil penetrates 
the periphery as far as the smallest twigs—the picture of the “leafy tree.” 
But with bronchiectasis we never find the smaller branches filled with 
oil. This is the “‘leafless tree.” This leafless tree is even seen in bron- 
chiectasis which seems to be imbedded in normally aerated parenchyma. 
This confirms the findings of those old pathologists, one century ago, 
that the peripheral branches are obstructed. Moreover, this condition 
is encountered so often and its visual picture is so impressive that to 
refer to this obstruction of the peripheral bronchi in interpreting the 
pathogenesis of the bronchiectasis may be justified. 

Occlusion of small bronchi occurs very often. Even under almost 
normal conditions when the removal of the physiological secretion is 
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incomplete due to faulty breathing, secretion may be retained and may 
temporarily plug a bronchus. But occlusion of small bronchi occurs 
very often under pathological condition. In infection of the respiratory 
tract the secretion is increased and is frequently more viscous. The 
mucous membranes of bronchioles become swollen and ciliary motion is 
impaired. Moreover, if the air in the atria beyond these occlusions 
has been replaced by exudate, coughing becomes: ineffective because 
there is no air current working as a flushing factor. High position or 
limited excursion of the diaphragm, pleuritic pain, and reflex inhibition 
of respiration further decrease the rate and cleansing effect of breathing 
and coughing. Tuberculosis and other chronic infections may act by 
producing partial stenosis of small bronchi by infiltration of the bronchial 
wall, by granulomata or by scarring. Further details will be omitted 
in order not to make this report too intricate. 

In acute infections and even more so in chronic lesions of the respira- 
tory tract, and also in general or localized impairment of respiratory 
efficiency, there occur bronchial occlusions which eventually lead to cir- 
cumscribed atelectasis. Atelectasis dilates bronchi. In order to under- 
stand the mechanism by which atelectasis produces bronchiectasis, it 
would be useful to analyze the change of the mechanical equilibrium of 
the tissue produced by atelectasis. The atelectatic area is airless and 
no respiratory changes of its volume occur—it is stiff. Under normal 
conditions the bronchus is imbedded in air filled “accommodating” 
tissue. During inspiratory dilatation of the chest the lung is accordingly 
distended. This distention is mainly taken over by the yielding paren- 
chyma, interposed between chest wall and bronchus. Only a minute 
amount of this pull is transmitted to the bronchial wall causing the 
respiratory changes in the width of the bronchi. The bronchial wall is 
able to stand this physiological distention because of its anatomical 
structure. Thus a healthy individual does not get bronchiectasis, be- 
cause pull and push on the bronchus are sufficiently cushioned by the pul- 
monary tissue. As mentioned above, atelectatic foci do not participate 
with the chest in the respiratory change of volume. Air can neither 
enter nor leave. If a bronchus is surrounded by atelectasis and atelec- 
tatic tissue fills the space between bronchus and chest wall (to assume 
extreme conditions), then the stress and strain of the expanding chest is 
transmitted directly to the bronchial wall with undiminished intensity 
because there is no intervening springy medium. One would expect that 
if the atelectatic stiff lung were to expand to its normal state of plasticity 
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the bronchus would return to its normal width. I have observed it my- 
self and have also found similar observations in the literature. If the 
distending pull acts over a prolonged period of time, permanent struc- 
tural changes of the bronchial wall may occur. By this effect the for- 
mation of bronchiectasis in seemingly healthy tissue becomes intelligible. 
In some cases we find bronchiectasis with occlusion of small bronchial 
branches around them, but otherwise apparently normal conditions. 
It has been noted that transient atelectasis occurs very frequently, 
particularly during acute respiratory infections, very often probably 
without leaving behind any appreciable sequela. Therefore the absence 
of visible atelectasis is not a fair indication of the absence of abnormal 
dilating forces at the time of the formation of bronchiectasis. Atelectasis 
may be dissipated after having caused injury, according to Andrus. On 
the other hand the occurrence of bronchiectasis even without preceding 
atelectasis and without apparent damage to the surrounding pulmonary 
tissue is conceivable. At first glance it would seem to be paradoxical that 
occlusion of bronchi is not necessarily followed by complete atelectasis 
of the areas served by them. This occurrence may be explained by two 
proved mechanisms. First, the bronchial obstruction may be incom- 
plete. The bronchial lumen may be narrowed to such a degree that a 
little air can slowly squeeze through, just enough to replace the quantity 
of air constantly resorbed by the alveolar capillaries. But the opening 
is too narrow to allow the viscous iodized oil to pass through. How- 
ever, this disturbance results in deficient ventilation of the involved 
portion of parenchyma. The area therefore contains more or less stag- 
nant air; it loses its plasticity and its cushioning capacity. The other 
mechanism is based on the anatomical fact of the interalveolar pores. 
Small areas of parenchyma, whose bronchi are obstructed, get some air 
from the surrounding well supplied areas by air which oozes through these 
pores. This mechanism has been called “collateral air” by Loeschke, 
or “collateral respiration” by Van Allen. In either case the alveoli are 
filled with stagnant air. This condition sometimes lasts only temporarily 
in the dependent portions of the bronchial tree, and is often followed by 
complete atelectasis. Because of these pathological relations, not be- 
cause of a strict succession, one could call this condition “pre-atelec- 
tasis.” 

But in atelectasis there also occurs collapse of pulmonary tissue. The 
terms obstructive atelectasis and collapse have been used frequently 
as synonyms. Nevertheless, there should be a distinction by conven- 
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tion, disregarding the etymology. Obstructive atelectasis should denote 
the airless condition beyond a bronchial obstruction without inflamma- 
tory changes in the pulmonary tissue. As Johnston, Manges, and Mc- 
Crae first described, the bronchial occlusion may lead to consolidation 
of the lung beyond the stenosis by gathering of oedema fluid in the air 
chambers—the condition of the ‘drowned lung.” With atelectasis 
acquired through bronchial occlusion the spatial adjustment, made 
necessary by resorption of air, occurs in the early stage, partly through 
real collapse with subsequent approach of adjacent structures and partly 
through effusion of oedema fluid into the lumen of the airless alveolar 
sacs, according to Loeschke. The resorption of this transudate may 
ensue in contraction of the airless lobe or lobule later on. 

One therefore has to distinguish two factors in obstructive atelectasis: 
atelectatic collapse and atelectatic engorgement. Their varying rate 
determines the morphological appearance of the atelectatic lung. If 
the tissue can realize its definite attempt to contract, collapse governs 
the picture. If effective mechanical obstacles oppose the actual en- 
deavor of the lung to contract, atelectatic engorgement prevails. There- 
fore in the average case, with moderate ability to shrink, both factors of 
compensation will be found combined: collapse and engorgement. 
Since the lung is fitted into a more or less rigid receptacle, the chest, only 
smaller areas of parenchyma are found in complete atelectatic collapse, 
whereas larger areas are effectively thwarted in their attempt to collapse 
by their expansion in the chest. Similarly, preéxistent inflammatory or 
fibrous lesions, and in some degree pleural adhesions may stiffen the 
affected lobe, thus preventing its collapse as a whole. In such a lobe, 
however, small areas may collapse at varying rates. With the following 
resorption of the oedema the collapse increases, involving the tissue inter- 
posed between bronchi and producing contraction of this tissue, which 
results in narrowing of the space between the bronchi. Moreover, the 
pull exerted on the bronchial walls in every direction results in expansion 
of the bronchi. 

Analyzing these facts, we begin to get insight into the mode of action 
of atelectasis and to understand the various pictures of bronchiectasis 
produced by codrdination and interference of numerous agents and 
forces. The occlusion of small bronchi may be more or less complete, 
or may involve bronchi of different order, and there may be a varying 
degree of generalized or local ventilatory disorder, resulting in insuf- 
ficiency of the self-cleansing mechanisms of the lung. Furthermore, the 
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involved area may be of different size, there may be different kinds and 
different degrees of mechanical hindrances preventing its complete 
collapse, the adjacent structures may be more or less able to perform 
the special adjustment; the rate of the primary collapse and the engorge- 
ment, the speed of the resorption of this oedema and the period of time 
over which the atelectasis persists are further decisive factors. Finally 
there is the influence of supervening inflammation, varying beyond our 
capability of analyzing it. 

According to the facts presented above and the conclusions derived 
from them, the development of bronchiectasis may be conceived of in the 
following way. 

By diminution of the respiratory efficiency of the whole lung, of a lobe 
or a portion of a lobe, the ability to get rid of secretion is impaired. The 
physiological secretion therefore is inadequately removed and blocks 
small bronchi. Moreover, bronchi may immediately be blocked in case 
of inflammation by increased amount of secretion, swelling of mucous 
membranes, granulation tissues, or scars. These changes, singly or 
together, produce the conditions of pre-atelectasis and atelectasis. 
Stiffening and contraction of the tissue effect a pathologically increased 
pull on the bronchial wall, thus expanding the bronchus. The dilatation 
is first reversible, but later becomes a permanent one, if the intervening 
factors last for a long period of time. Atelectasis on the other hand ham- 
pers the removal of secretion and causes inefficient ventilation of the 
neighboring parenchyma. ‘Thus the condition becomes chronic and in- 
volves the surrounding, hitherto normal portions of the tissue. The 
much advocated inflammation with ensuing weakening of the bronchial 
wall may favor the development of bronchiectasis. 


DISCUSSION 


Some clinical conditions and pathological problems may be discussed 
in the light of this conception of the origin of bronchiectasis. 

1. Bronchitis generally has been supposed to be the most common pre- 
cursor of bronchiectasis. The mucous membrane is swollen and the 
secretion is increased in quantity and produces congestion particularly 
in the dependent portions of the bronchial tree. (The cephalad directed 
bronchial branches are drained by gravity, the caudad directed bronchi 
have to be drained against the influence of gravity.) Small bronchi 
become obstructed. Atelectasis develops and acts in the above men- 
tioned way to produce bronchiectasis. 

2. Bronchopneumonia is known to be combined with atelectasis. 
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Pneumonias especially in children often present more atelectasis than 
real inflammatory changes. In influenzal pneumonia, occlusions of the 
small bronchi are regularly observed. The consequent formation of 
bronchiectasis again develops along the lines mentioned above. But 
even in lobar pneumonia one sometimes finds considerable areas of 
atelectasis. The consolidated lobe appears to be smaller in comparison 
with its normal size, as seen before the onset of the.disease or after the 
infiltration has subsided. Plate-shaped foci of atelectasis often can be 
observed in the stage of resolution. 

It would be interesting and important to study the causes of this vari- 
able occurrence of atelectasis in all these conditions. Is this variability 
due to different virulence of the infecting germs, as held by Coryllos? 
Or is it caused by individual variations of the pulmonary architecture, 
that is, by the kind of partition and width of the bronchi as suggested 
by Huizinga? Or does it depend on the individual type of breathing 
(Holst), this moreover being responsible for the large differences of the 
rate of the intrabronchial air current in different individuals (Rohrer)? 

3. Exudative pleurisy has been advocated as a causative factor of 
bronchiectasis, but no plausible explanation has been advanced as to the 
pathomechanics concerned. But it has been shown that in pleural 
effusions, in addition to the collapse by compression, there occur atelec- 
tatic changes due to occlusion of bronchi, to kinking of bronchi, retention 
of secretion, and interstitial consolidation. The so-called “postpleuritic 
cirrhosis” of the lung and bronchiectasis as well as the displacement of 
the mediastinum are likewise due to this obstructive atelectasis. 

4. As is well known, bronchiectasis is encountered mainly in the lower 
lobes, favoring their medial portions, and in the middle lobe. Some 
authors try to explain this observation by a congenital predisposition of 
these regions, but this seems merely to repeat the facts without giving a 
sufficient explanation or interpretation. We note, however, that these 
parts of the lower lobes are the same well known sites of the atelectatic 
paravertebral pneumonias of infancy. These portions of the lung, en- 
closed in the dead angle between ribs, spine and heart are from the 
beginning at a disadvantage in ventilation and easily fall prey to atelec- 
tasis. Furthermore, in children the hilar lymph nodes often undergo 
tuberculous and nontuberculous swelling, thereby compressing the bron- 
chi. In a similar way the narrow bronchus of the middle lobe is fre- 
quently affected as shown by the ‘“‘middle lobe pneumonia” in whooping 
cough. 

In adults we find the calcified glandular foci placed close to the bronchi, 
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often causing scarring of the bronchial wall and narrowing of the bron- 
chial lumen, described by pathologists as bronchitis deformans. All 
these facts point to insufficient ventilation, stagnation, retention of 
secretion and atelectasis, and thus lead us to expect bronchiectasis in 
precisely these regions. Again we see that the favored sites of bron- 
chiectasis may be easily explained by adoption of the presented theory. 

5. Bronchiectasis of the lower half of the lung predominantly is of the 
cylindric type although saccular bronchiectasis occurs sometimes. On 
the other hand, in the upper portions of the lung cystic bronchiectasis 
is met almost without exception; cylindric bronchiectasis in the upper 
third of the lung is an extreme rarity, except with massive collapse and 
tuberculous fibrosis.2 No attempt to explain this phenomenon can be 
found in the literature. These facts, however, may be explained with- 
out any difficulty in the light of the presented theory of the pathogenesis 
of bronchiectasis. Cylindric bronchiectasis is that of the larger bronchi, 
cystic dilatations are those of the smaller, peripheral branches. The 
question therefore has to be reworded in this way: Why in the lower 
portions of the lung do the larger bronchi mainly become ectatic, while 
in the upper portions as a rule the smaller bronchi are involved? 

If the larger bronchi of the dependent portions are dilated, the 
middle-sized bronchi of the next order are occluded, as the “leafless tree”’ 
shows. In the case of saccular dilatation, only the smallest peripheral 
branches are obstructed. Inflammatory swelling of the mucous mem- 
branes or retention of minute amounts of secretion may suffice to block 
these smallest bronchi. A considerably larger amount of secretion ob- 
viously would be necessary to occlude the middle sized branches of the 
larger bronchi, which fall prey to distention in the lower lobes. As 
mentioned above, the upper portions of the lung drain mainly by the 
force of gravity. The secretion may run toward the hilum without 
necessarily the aid of physiological powers. But large quantities of 
secretion may be retained in the lower portions if the physiological 
cleansing mechanisms are disturbed and these larger quantities may 
suffice to block even larger bronchi. Therefore the dilating effect exerted 
by atelectasis will act on bronchi of the next higher order. Furthermore, 


2 Since the preparation of this paper there appeared an article on Cystic Bronchiectasis 
by D. Reisner and I. G. Tcherkoff in Am. J. Roentgenol., 1940, 43, 327. The authors 
found the upper lobe involved in 15 out of 17 cases of cystic bronchiectasis, some of the 
cases showing also disease of the middle and lower lobes. Only 2 out of these 17 cases 
showed involvement of lower or middle lobe respectively, without affection of the upper 
lobes. 
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the questionable dilating force of increased intrabronchial pressure is 
frustrated by the rigidity of the walls of larger bronchi, whereas it 
may be efficacious on some of the soft-walled terminal branches. The 
terminal bronchi are open to this action in the upper lobes due to their 
better draining but they are blocked by secretion and other inflamma- 
tory changes in the dependent portions of the lung. 

6. By the same mechanism one may understand why in ball valve ob- 
struction of a main bronchus the lung sometimes develops emphysema 
in its upper portions while bronchiectasis in the lower lobe. The ball 
valve mechanism acts on the patent terminal portions of the respiratory 
passages, forming emphysema in the upper portions of the lung. In 
the basal portions the same ventilatory disturbance may work through 
the simultaneously disturbed self-cleansing capacity of the lung in quite 
a different way. Secretion may be retained and obstruct small bronchi, 
and by means of the already known mechanism, larger bronchi may be- 
come dilated. 

7. Simultaneous occurrence of chronic sinusitis and bronchiectasis 
has been known for along time. This observation has been explained by 
aspiration of infectious material which permanently irritates and dam- 
ages the bronchi. This frequent coincidence has been proved by many 
statistics in the last few years. By systematic X-ray studies it has been 
shown that in cases of bronchiectasis the sinuses very often are found to 
be smaller than the normal and that the frontal sinuses often are not de- 
veloped. This being an obvious congenital condition, some investi- 
gators deduced a congenital inferiority of the bronchial system and the 
attempt was made to explain the bronchiectasis as a congenital anomaly. 

This coincidence again can be explained easily. Individuals suffering 
with chronic sinusitis almost without exception breathe by mouth. 
For a long time breathing through the nose has been recognized as hygien- 
ically correct. It is possible that the effect of the warming and cleaning 
of the air during its passage through the nose has been overemphasized. 
This may be right or wrong. But it is a physiological fact that persons 
who breathe by mouth breathe more shallow than those who breathe by 
nose. Experimentally, furthermore, there has been found a naso-pul- 
monary reflex which, stimulated by the passing air current, increases 
the depth of respiration. Hence the following sequence may explain 
the development of bronchiectasis: sinusitis, breathing by mouth, 
shallow breathing, insufficient respiratory change of the volume of the 
lung, predisposition for atelectatic changes, etc. And we are compelled 
no longer to find refuge in a mysterious congenital inferiority. 
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8. The question of congenital bronchiectasis may be mentioned 
briefly. Undoubtedly some observations on congenital monstrosities 
of the lung with bronchiectasis exist. They are rare. The opinion that 
bronchiectasis is often congenital is very common in Europe but not in 
this country. There may only be mentioned the “débilité pulmonaire”’ 
according to Peiser, the “idiopathic forme” of bronchiectasis according 
to Bard. In Germany, Sauerbruch states that 80 per cent of all bron- 
chiectasis is congenital. Karthagener and Loeffler in Switzerland ad- 
vance a similar opinion. But these opinions are poorly supported by 
facts. Heinrich Mueller (in Handbuch der Pathologie by Henke-Lu- 
barsch) says that there is no morphological evidence for the congenital 
nature of bronchiectasis, except that the condition occasionally can 
be found immediately after birth. The recourse to a congenital basis 
of bronchiectasis may be easily understood by the psychological situa- 
tion. All seriously thinking investigators have felt dissatisfaction with 
the traditional teaching and, for want of a better explanation, many of 
them prefer not to accept any explanation and take refuge in a con- 
genital theory. 

Other questions concerning the pathology of bronchiectasis should be 
discussed in the light of the presented opinion. For the present time 
the affirmation that all available facts may be codrdinated in a satisfac- 
tory way, may suffice. Moreover it is not possible to discuss all the 
recently discovered facts dealing with the anatomy and physiology of the 
lung, connected with the names of Miller, Baltisberger, v. Narath, Lui- 
sada and many others. These have had to be omitted in order to keep 
this discussion clear. Of course this simplification involves the sacrifice 
of some accuracy. But the main thought had to be shown as simply as 
possible: impaired ventilation, obstruction of peripheral bronchi by 
secretion and changes of their wall, pre-atelectasis, atelectasis, multi- 
centric peribronchial stiffening of the parenchyma, collapse and dis- 
tention of the bronchi. 

The facts connected with the pathology of bronchiectasis are known. 
We are anxious not to leave the impression, as if the pathogenesis of 
bronchiectasis were thoroughly cleared now. We merely endeavored to 
analyze some of the most important facts and agents, and to map out a 
preliminary scheme of their reciprocal codrdination. We are trying to 
combine them sensibly and to give some kind of working outline to which 
clinicians, roentgenologists and pathologists may contribute. After all, 
this is not a mere theoretical or academic question. It means the medi- 
cal care of our patients. Our treatment of bronchiectasis has been 
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quite inefficient as yet. I do not mean to underestimate the success of 
surgery. But the surgeon resects the diseased lung. If the offered 
opinion is proved in its essential features, then prophylaxis and treatment 
of bronchiectatic disease may be within reach. The training of all in- 
dividuals to breathe correctly from early childhood is the fundamental 
of prophylaxis of bronchiectasis as well as of many other diseases (Hof- 
bauer). Furthermore in each acute infection of the respiratory tract, 
in every bronchostenosis, in every abdominal disease and operation, in 
every injury to the chest, in short, in all conditions which tend to produce 
atelectasis or to reduce the ventilatory efficiency, we would endeavor to 
remove the disturbing agent and to restore the complete reaeration and 
ventilation of the lung. 


CONCLUSION AND SUMMARY 


Three cases of bronchiectasis are reported as a result of uncomplicated 
bronchostenosis. 

On the basis of known pathological and clinical facts and with par- 
ticular use of roentgenological evidence the following conception of the 
pathogenesis of bronchiectasis is advanced. The self-cleansing capacity 
of the lung is disturbed by general or local impairment of ventilation 
resulting in retention of secretion and obstruction of small bronchi. 
Respiratory infections work in the same fashion by increase of secretion 
and swelling of the mucous membrane. Atelectasis thereby develops 
in the pulmonary areas served by these bronchi. The atelectatic 
rigidity and the atelectatic contraction of the tissue work as extrinsic 
agents thus increasing the elastic pull exerted on the bronchial walls. 
Under the necessity of spatial adjustment in the unyielding thoracic 
cage the bronchi become dilated. In some cases there results only an 
incomplete occlusion of the smaller bronchi, the corresponding paren- 
chyma still containing air and sometimes through ball valve action de- 
veloping emphysema. The parenchyma, however, eventually loses its 
ventilatory plasticity and the respiratory excursions of the thorax are 
transmitted more directly to the bronchial walls. 

This basic mechanism presumably underlies the development of any 
bronchiectasis and is modified by individual variations in anatomy and 
type of breathing, by the influence of gravity, by previous illnesses 
leaving fibrosis or adhesions and by the nature and frequency of respira- 
tory infections. The conception here advanced suggests a hopeful 
approach to the problem of prophylaxis and conservative treatment. 
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MENINGEAL BLOOD VESSELS IN TUBERCULOUS 
MENINGITIS"? 


N. W. WINKELMAN anp MATTHEW T. MOORE 


The subject of involvement of the blood vessels in the course of tuber- 
culosis anywhere in the body is not new. It has been known for a long 
time that blood vessels in the midst of active tuberculous foci may and 
frequently do show involvement in varying degrees of intensity. That 
the blood vessels of the brain are involved in the course of tuberculosis 
of the meninges has also been known for along time. As far back as 1881 
Baumgarten (1) called attention to the changes in blood vessels in tuber- 
culosis and compared them with gummatous endarteritis. Since that 
time excellent articles regarding the various phases of tuberculous blood 
vessel changes have also been described by Hoche (2), Spielmeyer (3), 
Nonne and Luce (4), Askanazy (5), Kirschbaum (6) and others. Most 
of the recent work on this subject refers particularly to the article of 
Askanazy (5) published in 1910. Askanazy divided the changes in the 
blood vessels into three types: First, the usual panarteritis tuberculosa 
with infiltration of the elements of a tubercle into all of the coats of the 
vessel walls. Second, the continuation of the first type resulting in 
caseation. Third, the hyaline-fibrinoid swelling, the type which has 
been described and stressed by practically every writer on the subject. 

Biber (7), in 1911, in a detailed and well illustrated article, described 
the most common forms of tuberculous involvement of the vessels. Par- 
ticular attention was given to the intimal changes including thickening 
of the intimal layer, inflammation and haemorrhagic infiltration, and 
hyaline thickening between the endothelium and the elastica as described 
by Askanazy. 

Kirschbaum (6) in 1921 in the course of a clinico-pathological study of 
7 unusual cases of tuberculosis of the central nervous system described 
what he termed tuberculous endarteritis. In this there was thickening 
and inflammatory invasion of the intima and also areas of necrosis. He 


1From the John L. Eckel Laboratory of Neuropathology, University of Pennsylvania, 
Graduate School of Medicine, Philadelphia, Pennsylvania. 

2 Read at the annual meeting of the American Association of Neuropathologists, Atlantic 
City, New Jersey, June 5, 1939. 
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portrayed clumps of tubercle bacilli in a hyaline-necrotic media. He also 
pictured a connective tissue (bindegewebige) endarteritis. 

Jakob (8) in 1927 in his text-book described the stages in the develop- 
ment of tuberculous vessels. He believed that the initial stage consisted 
of mantel-like encircling of the adventitia leading eventually to a com- 
plete invasion of the blood vessel walls, constituting the fully developed 
panarteritis tuberculosa. The cells making up the inflammatory exudate 
are identical with those found in the subarachnoid space. Jakob also 
stressed the changes in the intimal layer with separation of the endothelial 
cells from their bed on the elastica and invasion by inflammatory, 
phagocytic and spindle cells with closure of the lumen. Occasionally 
there is desquamation of the endothelium predisposing to thromboses. 
Aside from contiguous invasions, the media remains relatively intact, 
except when necrosis of the entire vessel wall occurs. 

Laignel-Lavastine and Liber (9), in 1935, in a detailed cytological 
study of the infiltrating elements within the meninges stated that the 
vessels caught in the exudate were infiltrated with the same cellular 
elements as the adjacent meningeal tissue. The morphological changes 
in the vessel walls were not discussed. 

Spang (10) in 1936 discussed the réle of the subendothelial mesen- 
chymal germinal bed, sparse in normal vessels but increased in tubercu- 
lous vessels. He believed that this layer plays the important réle in the 
formation of the hyaline layer described by Askanazy. He discussed 
the histiocytic nature of the honeycombed cells within the subarachnoid 
space. 

Isibasi (11) in 1936 called attention to the similarity of the tuberculous 
blood vessels with those seen in periarteritis nodosa which, according to 
this writer, has been shown to be allergic in nature. Most attention was 
given to the hyaline-fibrinoid change described by Askanazy to the 
exclusion of other forms of vessel involvement. 

We have selected 5 cases from our series of tuberculous meningitis with 
the view of illustrating the diversified forms of vessel changes occurring 
in those vessels involved in the subarachnoid exudate. The ages in these 
patients were two, seven, thirty-two, thirty-seven and seventy-three 
years and in all, including the seventy-three year old patient, the vessels 
not incriminated in the tuberculous process showed no intimal prolifera- 
tive changes and no adventitial infiltration, thereby eliminating factors 
of arteriosclerotic or syphilitic processes. 


TUBERCULOUS MENINGITIS 


CASE REPORTS 


Case 1: A. M. B., Negro child of two years, was admitted to the Graduate 
Hospital, Service of Dr. H. C. Carpenter, September 15, 1937, presenting the 
linical appearance and the laboratory evidences of tuberculous meningitis 
vhich had had its onset two weeks before admission. The patient died Septem- 
ber 23, 1937. 

Gross examination of the brain and spinal cord revealed a tuberculous 
‘erebrospinal meningitis. 

The vessels enmeshed in the meningeal inflammatory exudate showed 
varying degrees of intensity of involvement of the tunics. In the main there 
was a panarteritis tuberculosa, but the most striking variations occurred in the 
intima. 

The adventitia was in most instances densely infiltrated with lymphocytes, 
monocytes, epithelioid and plasma cells. Many of the lymphocytes showed 
amoeboid activity, being elongated, dumb-bell-shaped, filiform, and exhibiting 
active penetration of the vessel walls. The monocytes showed by the shape 
and chromatin configuration of the nuclei various stages of activity. Plasma 
cells were not abundant. The adventitia partook of the same degenerative 
change as in the subarachnoid exudate, forming part of tubercles and caseation 
necrosis. Sometimes the adventitia was completely destroyed and not recog- 
nizable. 

There was a greater variability in the media than in the adventitia of the 
vessels. The media of the vessels lying in the less dense exudate showed 
minimal involvement as regards staining characteristics, thickness of the coat 
and cellular infiltration. The smaller vessels which were caught in the dense 
exudate showed hyaline change and thinning of the media. The thinning of 
the media occasionally was irregular and corresponded to the sector prolifera- 
tion of the intima as shown in figure 1. The nuclei often stained less intensely, 
whereas the cytoplasm showed metachromia. Migrating lymphocytes were 
seen traversing the media. 

In the medium sized vessels the elastic lamina showed the normal corruga- 
tions (figure 3). Others presented a stretching of the elastica (figure 2). 

The intimal changes showed great variability. Some vessels showed sector 
proliferation (figure 1) as seen in arteriosclerosis and others showed uniform 
concentric thickening (figure 3) as seen in Heubner’s endarteritis. Many 
vessels presented a complete occlusion of the lumen by the intimal hypertrophy, 
similar to that shown in figure 12. The cellular components of the suben- 
dothelial proliferation differed not so much in kind as in stages of development. 
Adjacent to the elastica there were numerous lymphocytes, monocytes and 
small elongated mesenchymal elements (figure 2). Some vessels showed cells 
with large oval pale staining nuclei, containing nucleoli, and a fusiform cyto- 
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plasm with long processes, comprising the subendothelial proliferation. Some 
of these cells showed mitotic figures. These cells were of fibroblastic character. 
Jn the vessels showing sector intimal proliferation (figures 1 and 2) the intima 
was composed of lymphocytes, monocytes and occasional plasma cells lying 
adjacent to the elastica. Immature fibroblastic cells were interspersed 
throughout the intima. Lying beneath the endothelial lining which was 
usually intact there were lymphocytes and large epithelioid cells. The lympho- 
cytes and monocytes, which were irregularly arranged in the intima, were in the 
process of active transition, as manifested by changes in shape and chromatin 
arrangement of the nuclei. Some of the vessels showed a bead-like configura- 
tion of the endothelial cells lining the lumen as illustrated in figure 11. Tu- 
hercle bacilli could be found in the adventitia but not in the other vessel 
tunics. 


Fic. 1. (upper left) (Two year old child.) Medium-sized vessel showing marked adventi- 
tial infiltration, thinning of media and sector subendothelial proliferation. Note involve- 
ment of the adventitia by the degeneration of the subarachnoid exudate in midlower part of 
illustration. Lumen of smali vessel occluded by subendothelial infiltration (lower right cor- 
ner). Toluidine Blue X 46. 

Fic. 2. (upper right) Enlargement of fig. 1, showing the type of subendothelial cellular 
make-up. Note presence of lymphocytes, monocytes, plasma cells and immature fibroblastic 
elements. The media which lies beneath the elastica (E) shows the infiltration of migrating 
lymphocytes. The endothelium adjacent to L (lumen) shows penetration at one point by 
the migrating leucocytes. Toluidine Blue X 261. 

Fic. 3. (second row left) Medium sized vessel in an area of degenerating subarachnoid 
exudate, showing adventitial infiltration, lymphocytes, monocytes, plasma cells and epi- 
thelioid cells; thinning of the media and infiltration with lymphocytes; uniform subendothelial 
proliferation. Weigert Elastica—Haematoxylin—Van Gieson X 56. 

Fic. 4. (second row right) Vessel showing uniform concentric intimal proliferation, simu- 
lating the Heubner type of endarteritis. Note the crescentic thinning and disintegration of 
the media; and the accumulation of inflammatory cells at arrow. Toluidine Blue X 46. 
(Reproduced through the courtesy of the American Journal of Syphilis and Neurology, 1935, 
19, 223, C. V. Mosby Co.) 

Fic. 5. (third row left) Medium sized vessel showing fairly uniform subendothelial pro- 
liferation; sector thinning and degeneration of the media; mild adventitial invasion. Tolu- 
idine Blue X 46. 

Fic. 6. (third row right) High power view of intima of fig. 5 showing accumulation of lym- 
phocytes, monocytes and plasma cells lying in close relation to elastic lamina. Some of the 
lymphocytes are actively migrating through the latter. The remaining subendothelial con- 
stituents are immature and mature stellate- and spindle-shaped fibroblastic elements. Tolu- 
idine Blue X 270. 

Fic. 7. (lower left) Vessel showing rather uniform subendothelial proliferation, similar to 
Heubner’s endarteritis syphilitica; thinning of the media and marked adventitial infiltration. 
Toluidine Blue X 22. 

Fic. 8. (lower right) Enlargement of fig. 7 showing the character of the intima, made up 
largely of mature spindle-shaped cells interspersed with lymphocytes. Directly beneath the 
endothelial lining of the vessel there are lymphocytes, monocytes and occasional plasma cells. 
A somewhat denser accumulation of these elements may be seen lying directly in relation to 
the elastic lamina. Toluidine Blue X 140. 
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Case 2: (Reported by Winkelman and Eckel (12)) Colored male, seven years 
old was admitted to the Hospital April 17, 1933 with a history of headach:. 
vomiting and convulsions dating from March 25, 1933. The patient die’ 
April 20, and postmortem examination revealed a tuberculous bronchopne: 
monia and a tuberculous meningitis. 

Many of the large blood vessels in the meningeal exudate showed tl! 
typical panarteritis tuberculosa. Several vessels showed intimal thickeniny 
which resembled to a remarkable degree the Heubner type of endarterit's 
(figure 4). In some areas degeneration of small sectors of the intima occurre: . 
usually in relation to caseation involving the adjacent media and adventiti:. 
The media frequently showed thinning, metachromia and degeneration. Th 
adventitia partook of the infiltrative and degenerative changes occurring i 
the subarachnoid space. 


Case 3: C. B., a thirty-two year old Negro, was admitted to the Graduate 
Hospital, Service of Dr. G. N. Piersol, September 22, 1937 because of severe 
headache and mental confusion of one week’s duration. The patient died 
September 28, 1937, and postmortem examination revealed a miliary tubercu- 
losis as well as tuberculous meningitis. 

The vessels in this case showed various types of involvement. The smaller 
vessels at the base presented a panarteritis with occlusion of the lumen. Some 
of these vessels were situated in an area undergoing caseation necrosis. The 
medium sized vessels showed sector and uniform concentric proliferation of 
the intima. The large vessels varied in their appearance; for example, the 
artery of the Sylvian fissure (figure 7) presented a cellular invasion of the ad- 
ventitia, media and intima, whereas the basilar artery showed an infiltration 
of the adventitia with sparing of the media and without intimal change. The 
adventitial cellular infiltration consisted of lymphocytes and monocytes in 
various stages of metamorphosis, plasma cells, histiocytes and epithelioid 
cells. The media in many of the vessels, particularly the small and medium 
sized ones, showed changes in staining qualities and some hyaline change. 
In many, lymphocytic invasion had occurred. The intimal change in some 
of the medium sized vessels was either a sector proliferation or of a uniform 
concentric nature. In the latter the subendothelial infiltration and prolifera- 
tion consisted of lymphocytes, monocytes, occasional plasma cells and im- 
mature fibroblastic cells (figures 5 and 6). In the artery of the Sylvian fissure 
the intimal proliferation was of a uniform type (figures 7 and 8) and the fibro- 
blastic elements were mature, resembling the intimal change in Heubner’s 
endarteritis. In figure 8 the intimal proliferation of fibroblastic cells was 
between 20 and 30 cell layers thick. Lying adjacent to the elastica wer: 
migrating lymphocytes and monocytes, and a few plasma cells. The fibro- 
blastic cells nearest the elastica were not as mature as those nearer the lumen. 
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Immediately beneath the intact endothelium were seen haemic elements, 
lymphocytes and monocytes. The elastic lamina in some of the vessels showed 
splitting and defibrillation but not to a marked degree. 


Case 4: M. T., white male, thirty-seven years old, was admitted to the Gradu- 
ate Hospital, Service of Dr. B. H. Shuster, January 24, 1938 with the history 
of severe headache, vomiting and fever of ten days’ duration. The clinical 
manifestations were those of a meningo-encephalitis of undetermined origin. 
The laboratory findings showed the cerebrospinal fluid to contain cells up to 
385, mainly lymphocytes. On January 31, a positive Levinson test was ob- 
tained. The patient died February 4, 1938. 

Gross examination of the brain showed a chronic adhesive meningitis with 
the greatest involvement at the base and along the Sylvian fissures. 

The vessels in this case showed interesting and variable changes mainly 
involving the intima. The adventitia showed a dense infiltration with lympho- 
cytes, monocytes, plasma cells and epithelioid cells. Many of the lymphocytes 
and monocytes showed transitional forms such as polyblasts and plasmoblasts. 
Tubercle bacilli were found in the adventitia and in the subarachnoid exudate. 
The adventitia was frequently involved in tubercle formation. In the smaller 
and medium sized vessels the media showed varying degrees of change from a 
moderate metachromia to early hyaline degeneration. In some vessels the 
media participated in a caseous degeneration involving the subendothelial 
proliferation (figures 13 and 14). The media suffered thinning out particularly 
adjacent to intimal thickening with tubercle formation (figure 10). Migrating 
lymphocytes could be seen traversing some parts of the media in most of the 
vessels. The elastic lamina often showed splitting and delamination, par- 
ticularly in relation to sector intimal proliferation (figures 17 and 18). In 
many of the vessels the elastic lamina showed no defects. Occasionally 
migrating lymphocytes and monocytes were seen penetrating the fenestra 
of the elastic lamina. The intimal changes were most diversified. Many of 
the smaller and medium-sized vessels showed complete occlusion of the lumen. 
The smaller vessels were occluded either with a hyaline thrombus or with a 
subendothelial cellular proliferation consisting of lymphocytes, monocytes, 
plasma cells and immature epithelioid cells. The latter type of vascular 
occlusion also involved some of the medium-sized vessels (figure 12). In 
occasional medium-sized and larger vessels the intima showed a subendothelial 
proliferation in which immature tubercle formation occurred with the presence 
of many Langhans’ giant cells (figures 10 and 11). The endothelial lining 
sometimes took on a bead-like arrangement (figure 11). The cellular constit- 
uents of the proliferated intima were lymphocytes, monocytes, plasma cells 
and epithelioid cells. The intimal proliferation often showed verrucose projec- 
tions into the lumen of the vessel (figure 9). Occasionally the endothelial 
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lining of a vessel appeared denuded and in the immediate area the adjacent 
endothelial cells were stripped away from the elastic lamina by haemic elements 
composed of lymphocytes, monocytes and plasma cells (figure 15). Other 
large vessels showed the intimal proliferation occurring in an irregular manner 
with many giant cells contained within the intima and caseous degeneration 
involving a sector of the vessel including intima, elastic lamina and media 
(figures 13 and 14). Within the lumen of several vessels, adjacent to the in- 
tima which had been eroded, there were seen endothelial cells, giant multi- 
nucleated vacuolated ‘‘endothelial plasmodes” (Laignel-Lavastine and Liber), 
phagocytes, plasma cells, monocytes and lymphocytes (figure 16). 


Case 5: J. L., white male, seventy-three years old, was admitted to the Episco- 
pal Hospital October 11, 1938, in a toxic delirious state. He had been ad- 
mitted on two previous occasions, December 4, 1930 and February 28, 1932, 
at which times laboratory tests established the diagnosis of pernicious anaemia. 
The patient died November 2, 1938 and the autopsy revealed miliary tuber- 
culosis of the lungs, kidney and liver and general arteriosclerosis. 

Gross examination of the brain showed cortical atrophy, cerebral congestion, 
arteriofibrosis and tuberculous meningitis. 


Fic. 9. (upper left) Verrucose projections into vessel lumen by subendothelial prolifera- 
tion; elastica intact; adventitia shows a moderate cellular invasion. Note relatively unin- 
volved media. Toluidine Blue X 45. 

Fic. 10. (upper right) Irregular intimal proliferation with immature tubercle formation. 
Note giant cells within the intimal proliferation. The media in the lower sector of the vessel 
has been thinned out and hyalinized. The adventitia contains the same cellular constituents 
as the surrounding exudate. Toluidine Blue X 61. 

Fic. 11. (second row left) Enlargement of section of fig. 10 showing bead-like configura- 
tion of endothelium, giant cell in immature tubercle, subendothelial proliferation composed 
of lymphocytes, monocytes, plasma cells, epithelioid cells, and histiocytes. Note splitting 
of elastic lamina. Toluidine Blue X 261. 

Fic. 12. (second row right) Complete closure of the lumen by intimal proliferation. Note 
the presence of giant cells. The media shows beginning hyaline fibrinoid change. The cor- 
tex in relation to this vessel showed infarction with degeneration. Toluidine Blue X 120. 

Fic. 13. (third row left) Vessel showing irregular intimal proliferation with giant cell 
formation; necrosis of the vessel wall involving the intima, elastica and media. Toluidine 
Blue X 24. 

Fic. 14. (third row right) Enlargement of fig. 13, showing the mural degeneration. Tolu- 
idine Blue X 61. 

Fic. 15. (lower left) Subendothelial invasion by haemic elements in an area where the 
endothelium has yielded to invasion. (This is the early type of intimal response.) Toluidine 
Blue X 283. 

Fic. 16. (lower right) Cellular contents of the vessel lumen adjacent to an erosion of the 
endothelium showing several multinucleated giant cell endothelial plasmodes, denuded 
endothelial cells, lymphocytes, monocytes, plasma cells, red blood cells. Toluidine Blue X 
260. 
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Fic. 17. (upper left) Sector defibrillation of the elastic lamina. Weigert Elastica 


Haematoxylin—Van Gieson X 56. 

Fic. 18. {upper right) Enlargement of fig. 17. Toluidine Blue X 120. 

Fic. 19. (center left) Stripping away of the endothelium and denudation of the intima by 
the subendothelial cellular proliferation. Note rupture of the elastic lamina indicated by 
arrow. The media shows invasion by lymphocytes; the adventitia contains a moderate 
amount of cellular infiltration. Toluidine Blue X 41. 

Fic. 20. (center right) Enlargement of sector of fig. 19 showing denuded epithelium, and 
intimal cellular exudate composed of lymphocytes, monocytes, plasma cells and large spongy 
histiocytes. Note the lymphocyte with its amoeboid projection penetrating the elastic 
lamina. Several of the lymphocytes and monocytes show active amoeboid configurations. 
Toluidine Blue X 218.* 

Fic. 21a. (lower left) Clumps of tubercle bacilli found in the adventitial walls of vessels. 
Toluidine Blue X 800. 

Fic. 21b. (lower right) Solitary tubercle bacilli found in the adventitia of vessels. Tolu- 
idine Blue X 950. 
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The large vessels, not involved in the meningeal exudate, showed no intimal 
change (rather striking in view of the patient’s age); the elastic lamina was 
somewhat drawn out but was not broken or delaminated; the media showed 
metachromia and thinning; the adventitia showed no change. Many of the 
medium and small vessels showed hyaline change The vessels involved in the 
subarachnoid exudate showed either no change or minimal change or a pan- 
arteritis. Some of the larger vessels showed only a mild adventitial infiltra- 
tion of lymphocytes, monocytes, plasma cells and occasional polymorpho- 
nuclear leucocytes. In the denser areas of exudate the adventitia was fairly 
heavily infiltrated with the cells enumerated above plus macrophages. Many 
of the vessels showed clumps of tubercle bacilli within the adventitia (figure 
21a) and others showed solitary tubercle bacilli scattered in the adventitia 
(figure 21b). The media in most vessels was thinned out and showed meta- 
chromia. The media was infiltrated with lymphocytes in places but not to 
any great extent. The elastic lamina in the larger vessels was elongated but 
did not show splitting or defibrillation. The smaller vessels showed more or 
less normal corrugations of the elastica. The intima showed the early changes 
of subendothelial infiltration with haemic elements. The endothelium was 
stripped away in irregular fashion. Where denudation occurred in relation 
to subendothelial cell accumulation, many red blood cells were found as part 
of the cellular make-up (figure 20). The constituents of the subendothelial 
exudate comprised lymphocytes (many in active metamorphosis and migra- 
tion through the fenestra of the elastic lamina), monocytes, plasma cells and 
large spongy phagocytes (figure 20). Epithelioid and fibroblastic elements 
were entirely lacking. 


DISCUSSION 


Adventitia: It can be seen, from the case descriptions and from the 
illustrations, that the adventitial lesions are in reality an extension of the 
tuberculous process from the subarachnoid space. Where the meningeal 
exudate is dense the adventitial infiltration will be dense. If tubercle 
formation or caseation necrosis occurs in direct relation to the adventitia 
of a vessel it partakes of and becomes part of the pathological change. 
In general the cellular infiltration of the adventitial coat varies in inten- 
sity. As has been intimated, adventitial tubercles occur and caseation 
necrosis may involve the adventitia alone or in conjunction with the other 
vascular tunics. This conception of the adventitial change being essen- 
tially part and parcel of the subarachnoid exudate is attested to by the 
similarity of the cells found in the adventitia. They usually consist of 
lymphocytes, monocytes, plasma cells, epithelioid cells and occasionally 
polymorphonuclear leucocytes and macrophages. The changes occur- 
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ring in the adventitial infiltration are rarely progressive, whereas regres- 
sive changes are frequently found. Biber (7) stated that where adven- 
titial cellular infiltration was absent a tuberculous arteritis did not exist. 
Jakob (8) maintained that as a rule the media may be spared by the 
cellular infiltration but the adventitia is invariably involved. Tubercle 
bacilli may be found in clumps and individually in the adventitia (fig- 
ures 21a and 21b). 

Media: The media seems to play a passive réle, its pathological change 
being determined in a measure by the degree of adventitial involvement 
externally and the type of intimal reaction internally. This is well 
illustrated in figure 1 where the media assumes a crescent-shaped con- 
figuration. The body of the lunule is in relation to the normal intima 
and the minimal adventitial infiltration (upper sector in the illustra- 
tion), and the horns of the crescent are in apposition to the marked sector 
intimal proliferation and maximal adventitial lesion. Thinning of the 
media is very apparent in figure 3 where it lies between a densely infil- 
trated adventitial coat and a greatly hypertrophied intima. This thin- 
ning and subsequent degenerative and hyaline change are due in all 
probability to the lack of nutrition, incident to the intimal and adven- 
titial proliferations. In figure 10 the media, not in relation to the intimal 
tubercles, is fairly normal in thickness and nuclear structure, but directly 
beneath the intimal tubercles it may be seen to be greatly thinned out 
and undergoing hyaline change. 

The media may show practically no change in many vessels or at most 
a mild cellular infiltration with migrating lymphocytes or monocytes. 
The staining characteristics and changes in the muscle nuclei are deter- 
mined and are in proportion to the adventitial and intimal changes. 
Metachromia and sector homogenization with loss of nuclear structure 
are seen. This may progress to hyalinization. 

Primary tubercles of the media have not been observed by us and 
this is in conformity with the findings in the literature. Although the 
media may contain lymphocytes and monocytes, these usually are in 
transit and show migrating amoeboid configurations. They apparently 
do not metamorphose or proliferate in the middle tunic with the forma- 
tion of epithelioid cells, giant cells and tubercles. The media may show 
complete degeneration in sector areas, but this is usually part of a casea- 
tion necrosis involving a primary intimal tubercle (figures 13 and 14) or 
extension of a similar process from the adventitia. 

Elastica: The elastic lamina may show no change at all even in rather 


‘ 
i 


TUBERCULOUS MENINGITIS 327 


severely involved vessels as illustrated in figure 3. Splitting (figure 11) 
and delamination (figures 17 and 18) may occur, usually in relation to 
intimal proliferation. Actual rupture of the elastica may occur (fig- 
ure 19). The illustrations of rupture of the elastica by Biber (7) indicate 
sharply defined ends of the “ruptured” elastica rather than frayed or 
degenerated elastic fibres. The elastic lamina does not act as a barrier 
to inflammatory elements and many vessels show actively migrating 
lymphocytes and monocytes penetrating the elastica (figure 20). 

Intima: The intimal changes in the tuberculous vessel are perhaps the 
most varied and interesting. The type and degree of histopathological 
change are not necessarily determined by the age of the patient, but may 
be dependent on the acuteness or chronicity of the tuberculous process. 
In general the following forms of intimal arrangements may be recognized, 


1: Simple subendothelial inflammatory infiltration. 

2: Verrucose subendothelial inflammatory infiltration and proliferation (a) 
without tubercle formation and (b) with tubercle formation. 

3: Uniform concentric intimal proliferation (simulating Heubner’s endarter- 
itis). 

4: Intimal infiltration and proliferation with complete closure of the vascular 
lumen. 

5: Degeneration and caseation of the intima separately or in conjunction 
with the remaining tunics. 

6: Intimal fibrinoid-hyaline change (Askanazy). 


1: The simple subendothelial cellular inflammatory infiltration is best 
illustrated by figure 15. The subendothelial cellular constituents may 
vary in thickness from one cell layer to six or eight cell layers. The 
endothelium is apparently stripped away by these elements from the 
subendothelial bed and usually in an irregular fashion, sometimes in 
sectors and sometimes in a complete concentric manner. The cellular 
exudate in this type consists of lymphocytes, monocytes, plasma cells 
and, occasionally, red blood cells. These elements may increase in 
number and the fixed tissue elements may begin to play a part in the 
thickening and thus develop into any of the other types enumerated. 
The subendothelial mesenchymal bed in this early form has not yet been 
stimulated to the formation of fibroblastic elements. This type may be 
considered as the preliminary inflammatory reactive process. 

2: The verrucose intimal configuration is due to wart-like projections 
of the intima into the lumen of the vessel. Figure 9 illustrates such an 
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intimal change without tubercle formation. These may be so numerous 
and continue to proliferate as to completely occlude the lumen. The 
endothelium is intact over the crests and troughs produced by the verru- 
cosities. This subendothelial change may be considered as an extension 
of the process seen in type 1. The endothelium is actually pushed away 
from the elastic lamina by the cellular infiltration and proliferation 
which, in this type, consists of lymphocytes and monocytes, both of 
which are actively being transformed into plasma cells and epithelioid 
cells. Occasional immature fibroblastic cells with elongated nuclei, 
probably derived from the subendothelial mesenchymal bed, are seen in 
this type of intimal change. Quite often the cells are arranged in bands 
or rows with clear spaces between them (figure9). Fibrils or a syncitium 
could not be demonstrated with silver stains. 

Figure 10 shows the formation of tubercles in the intimal verrucosities. 
Giant cells are plainly evident in the tubercles in which no evidence of 
degenerative change has yet occurred. Phagocytes may occur in the 
intimal exudate to a greater or lesser degree. They are more frequently 
encountered in the simple and verrucose types of subendothelial change 
(figures 11 and 20). Both of these variations described under type 2 are 
prone to undergo caseation necrosis, where the process has continued and 
adequate mural nutrition has been impeded (figure 13). 

3: Many vessels may show a rather uniform concentric intimal pro- 
liferation with an intact endothelium. This may be seen in two forms: 
one, found in the smaller vessels, in which the intima is composed of sub- 
endothelial cellular elements, comprising lymphocytes, monocytes, epi- 
thelioid cells and immature fibroblastic elements (figure 3); and the other 
in which the majority of the intimal structure is made up of spindle- 
shaped cells of fibroblastic nature and simulating the Heubner type of 
endarteritis (figures 4 and 7). This type of involvement apparently is 
not determined by the factor of age, figure 3 representing a vessel of a 
two year old patient, figure 4, of a seven year old patient, and figure 7, 
of a thirty-two year old patient. It is probable that those vessels which 
show the hyperplastic type of change represent a process that is of longer 
duration than the simple inflammatory form. Just as in arteriosclerosis 
the eventual fate of the intima is dependent on the adequacy of its nutri- 
tional supply. The arrangement of the intimal cellular components, as 
illustrated in figure 8, shows an intact endothelium directly beneath 
which may be seen a layer or two of loosely arranged cells consisting of 
lymphocytes, monecytes and plasma cells; beneath this there is a rather 
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densely packed stratum of spindle-shaped cells about 20 to 30 cell layers 
thick, in which occasional lymphocytes may be seen; beneath this layer 
and lying upon the elastic lamina there is a layer of cells, about 3 or 4 
cell layers in thickness, consisting of immature fibroblastic elements, 
lymphocytes, monocytes and plasma cells. Baumgarten (1) has de- 
scribed this type of vessel change as occurring in chronic meningeal tuber- 
culosis, whereas Nonne and Luce (4) have also found it in acute tuber- 
culous meningitis. In this particular case (case 3) several types of vessel 
change were found indicating both early and late forms of intimal change. 
Type 3 is to be considered the mature intimal proliferative change eventu- 
ating from types 1 and 2 a, and antedating the degenerative phases seen 
in types 5 and 6. 

4: In the small and medium-sized vessels the subendothelial cellular 
components may be present in so great an amount as to completely fill 
the lumen of the vessel. The smaller vessels usually show an infiltration 
of inflammatory haemic elements which strip the endothelium away from 
the subendothelial bed. This is illustrated by the occluded vessel shown 
in the lower right hand corner of figure 1. This is a rather common find- 
ing in the smaller vessels, particularly when they are enmeshed in a dense 
part of the inflammatory meningeal exudate. Where intimal prolifera- 
tion succeeds infiltration in the medium-sized vessels the process may 
result in occlusion as seen in figure 12. Here there are, in addition to the 
inflammatory elements, epithelioid cells, immature fibroblastic elements 
and giant cells. Very frequently cortical infarcts are seen in relation to 
such an occluded vessel. These occluded vessels not infrequently form 
the nidus of actual tubercle formation. 

5: Degenerative changes may occur within the intima alone and 
eventuate in caseation necrosis. This may extend beyond the intima 
and implicate the elastic lamina, media and adventitia as well. Figures 
13 and 14 illustrate degeneration of part of an intimal verrucosity, which 
has involved the elastica and media. There is complete dissolution of 
the boundaries of the individual coats with loss of the inflammatory pro- 
liferative elements and a tendency to a liquefaction necrosis similar to 
that seen in atheromatous plaques. 

6: The fibrinoid-hyaline change of the intima as described by Askanazy 
in 1910 has been the subject of a great deal of study and investigation. 
This process consisting of a band of hyalinized material may be limited 
to the subendothelial space or may extend into the media. It is usually 
unassociated with inflammatory reaction and represents a peculiar but 
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not specific vascular involvement, found mainly in tuberculosis. The 
elastica is destroyed as the result of this process so that the demarcation 
between intima and media is obliterated. The fibrinoid-hyaline material 
is poor in cells and stains bluish with Weigert’s fibrin stain. In a study 
of over 200 cases of tuberculous meningitis, this type of change has not 
come to our attention. 

Despite the fact that we have divided the morphological changes of the 
intima into six groups these may show variants which do not permit of 
such rigid classification. We have selected only those types which have 
been seen most commonly by us, or described in the literature. 

The type of intimal change in our cases seems to be determined by the 
duration of toxic inflammatory irritation and the subsequent disturbances 
in nutrition of the vessel coats. The more chronic the disease the more 
likely will there be a proliferative process as indicated by type 3; when 
the disease is of shorter duration, the infiltrative inflammatory types, 
such as types 1 and 2, prevail. 


COMMENT 


Within recent years studies of the changes in the cerebral blood vessels 
have occupied a considerable place in the literature. Various distinct 


and characteristic forms have been recognized and described. To-day 
we are familiar with the vessel changes, the result of age, acute infections 
and syphilis. In view of the remarkable similarity of some of the recog- 
nized types, for example, arteriosclerosis, Heubner’s endarteritis and 
periarteritis nodosa with some of the changes seen in tuberculous vessels 
of the brain, we felt justified in undertaking the study of the more 
common types of vessel changes seen in tuberculosis to determine, if 
possible, whether there are characteristics that stamp vascular lesions as 
of tuberculous origin. We have not found a single unit change which is 
pathognomonic of tuberculosis, except possibly the occurrence of an 
actual tubercle within the vessel wall. Even here the differential diagno- 
sis with gumma arises. We have, however, been able to pick out the 
changes which, in our opinion, if considered collectively, have suggested 
tuberculosis as the aetiological factor. Most text-books on neuro- 
pathology mention briefly that process which is known as panarteritis 
tuberculosa, called by some tuberculous arteritis, where there is inflam- 
matory infiltration of all of the vessel coats, usually as an integral part 
of the meningeal inflammatory reaction. If any one type can be picked 
out as characteristic this type comes nearest to that distinction. This, 
however, is only one of the many types found in tuberculosis of vessels. 
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It might be well at this point to venture a theoretical concept of the 
development of the vessel changes in tuberculosis. We would visualize 
the early change as depicted in figure 15. Here, there has been an eleva- 
tion of the endothelial lining as the result of penetration of the endo- 
thelium by chronic inflammatory elements in the form of a small circum- 
scribed nodule. These nodules may increase in size and number and 
lead to the development of the change seen in figure 9. Occlusion of 
the smaller vessels in the midst of a dense meningeal exudate occurs 
quite readily as the result of the intimal infiltration and proliferation. 
The process may involve the intima diffusely and concentrically and 
produce the type of process seen in figure 3. At this stage there are 
several possibilities in the further progress of the tuberculous vessel. 
The inflammatory elements may be transformed into plasma cells, epi- 
thelioid cells and giant cells. At the same time, however, the subendo- 
thelial ground substance exhibits evidences of proliferation. At this 
point the further development depends on the relative activity of the two 
distinct types of elements and the duration of the disease. If the inflam- 
matory reaction maintains the ascendency the ultimate picture is similar 
to that depicted in figures9 and 10. If the fibroblastic elements predomi- 
nate, the type of vessel seen is that shown in figures 4 and 7, resembling 
the Heubner type of endarteritis. While this is going on, the other vessel 
walls show inflammatory and degenerative phenomena. The adventitia 
is usually heavily infiltrated with inflammatory elements. The ground 
substance gradually disappears so that eventually there is no demarca- 
tion between adventitia and subarachnoid space. Tubercle formation 
occurs in association with a contiguous process. 

The media, as a rule, takes no active part in the morbid process. It is 
involved secondary to the changes occurring both in the adventitia and 
intima. The elastica remains intact until involved by neighboring pro- 
ductive or destructive changes. In our cases the age of the patient has 
not influenced the development of the changes described by us. We have 
seen similar changes in a two year old child and a seventy-three year 
old patient. 

On the other hand, in our cases the duration of the process does seem 
to be a significant factor. The more chronic fibrotic changes in the 
vessel walls seem to be more common in those cases where life was pro- 
longed beyond three weeks after the onset of meningeal signs; yet the 
vessels were not all equally involved. In the same case it was possible 
to find varying stages of vessel changes from the earliest to the chronic 
stage, the latter being found in the densest meningeal exudate. 
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An interesting corollary might be drawn between the changes seen 
here and those that occur in arteriosclerosis. It is possible that a study 
of more prolonged cases might offer a clue as to the mechanism under- 
lying the development of the arteriosclerotic and atheromatous vessels. 

From the foregoing it is evident that the vessels in the midst of the 
tuberculous meningeal exudate undergo changes that are both inflamma- 
tory and proliferative and which are due, in all probability, to both 
mechanical and toxic factors. They range in type from that of a pure 
acute inflammatory process to a chronic proliferative phase with the 
inflammatory picture still present, mainly in the.adventitia and to a 
lesser extent in the intima and media. | 


SUMMARY 


1. A review of the important contributions to the literature on the 
subject of tuberculous involvement of blood vessels is presented. 

2. Five representative cases (from a series of approximately 200) of 
tuberculous meningitis are reported, with attention directed to the 
variety and intensity of changes occurring in the meningeal vessels. 

3. The pathological processes in the several vascular tunics are dis- 
cussed in detail and an explanation is offered of the mechanism of the 
morphological changes. Adventitial lesions represent a direct extension 
of the tuberculous meningeal process. The passivity of the media and 
the types of changes produced by encroachment of the adventitial and 
intimal lesions are illustrated and explained. Changes in the elastica 
are not pathognomonic of tuberculosis and represent the result of me- 
chanical and irritative forces. The changes found in the intima are the 
most varied and have been divided, according to the types most com- 
monly encountered, into six groups. These groups may present varia- 
tions and are not meant as a rigid classification. 

4. No single characteristic (other than the presence of the tubercle 
bacillus) of the vessel changes can be said to be pathognomonic of tuber- 
culosis. Only the collective findings, as here described, permit of the 
diagnosis of tuberculous arteritis. 

5. Tuberculosis of vessels represents a combination of inflammatory, 
proliferative and degenerative phases, determined in degree by the 
factor of time. 
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CARCINOMA AND TUBERCULOSIS OF THE LUNG 


CHARLES E. HAMILTON! anp NATHAN H. WEXLER 


The association of carcinoma of the lung and pulmonary tuberculosis 
is a rather infrequent and unusual occurrence. Up to as late as 1932 
Cooper (1) had collected a mere 39 cases of pulmonary tuberculosis 
and primary carcinoma of the lung in the same individual, the first 
case being reported in 1810 by Bayle. Since then only an additional 
16 to 20 cases have been added to the literature provided mainly by 
Graham, Fried and a few others. So rare is this combination of clinical 
entities that Sisson and Monserrat (according to Leader (2) ) after a 
fifteen-year survey of the Philippines, where pulmonary tuberculosis 
is rampant, found only one case of primary carcinoma of the lung asso- 
ciated with phthisis in the same individual. No less an authority than 
Graham (3) has well summarized the present day status of this unusual 
combination by stating that “in our own experience, association (of pul- 
monary tuberculosis) has been very rare in a fairly large number of 
cases of primary carcinoma of the lung.” 

As to the why and wherefore of this rare combination of diseases of 
the lungs that are in themselves rather frequent, no definite ideas have 
been forthcoming; however, two or three theories have been propounded. 
In the first place, some authorities declare that this combination is a 
mere hit and miss proposition; in other words, they occur purely by acci- 
dent. Another school preaches the doctrine that an element of antagon- 
ism explains the infrequent appearance of phthisis and primary pul- 
monary carcinoma in the same individual. To make the picture more 
complete and a little more complicated, there exists still another minority 
group headed by Ewing, Wolf and Wilson, which persists in the belief 
that one condition predisposes to the development of the other. How- 
ever, the opinion of this latter school fails to hold water for it does not 
explain the infrequent and concomitant occurrence of these two con- 
ditions in the same individual. 

It is not our purpose to go into a discussion as to the clinical picture, 
diagnostic procedures, prognosis, therapy, etc. of these two pulmonic 
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conditions since this information can be readily obtained from any 
nodern standard text-book dealing with diseases of the chest. It is 
yur purpose to present a case of pulmonary tuberculosis and pulmonary 
arcinoma which presents such an unusual combination of features and 
haracteristics that a most careful and detailed search of the literature 
m the subject has failed to reveal a duplicate. 


CASE REPORT 


’. H., age forty, a salesman by occupation, was first admitted on the Medical 
Service of the Kings County Hospital on January 23, 1935 with the chief 
‘omplaint of pains over the lower extremities and swelling of the joints, es- 
pecially the elbow, knee and ankle joints. The only salient features in his 
previous history were uncomplicated gonorrhoea twenty years before admis- 
sion and pneumonia five years before admission. His habits were regular. 
There was no loss of weight. Family history was irrelevant. 

Physical examination on admission revealed an adult male, poorly nour- 
ished, who walked stiffly and with apparent distress. His teeth were carious. 
The heart was normal. Blood pressure 120/70. Lungs were clear to auscul- 
tation with a suspicious area of dulness over the right upper lobe posteriorly. 
The abdomen was normal. 

All joints of both upper and lower extremities were stiff. There was marked 
clubbing of the fingers with fusiform swelling at the proximal interphalangeal 
joints. The nails were of the watch crystal type. Rectal and neurological 
examinations were negative. 

Admission diagnosis: Chronic infectious arthritis with infectious foci in 
teeth and prostate. 

The temperature, from admission to discharge, ranged from 98° to 100°F. 
(rectal), pulse from 70 to 80/minute; respirations from 18 to 20/minute. His 
weight on admission was 113 lbs., on discharge, 114 lbs. 

Urine: normal. Haemoglobin 80 per cent; red cells: 4,500,000 with normal 
morphology; white cells: 20,000. Polymorphonuclears, 48 per cent; lympho- 
cytes, 45 per cent; eosinophiles, 2 per cent; monocytes, 3 per cent; plasma cells, 
2 per cent. Sedimentation time: moderately increased. Blood Wasserman: 
negative. Blood urea 34, sugar 100, phosphorus 5, phosphatase 7.02 mg. 
Sputum: negative eighteen times for tubercle bacilli, including concentrates. 

X-ray examination showed marked periostititis and osteoarthropic changes 
in bones and joints of upper and lower extremities; a consolidation of the right 
upper lobe with areas of clearing, suggesting either caseous pneumonic tuber- 
culosis, lung abscess or new growth. 

The medical department entertained a diagnosis of syphilitic periostitis and 
gumma of the lung in spite of the negative Wasserman test and proceeded to 
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administer a course of potassium iodide, neo-arsphenamine and bismuth with 
negative results. As a matter of fact the pulmonary lesion increased in size, 
in spite of therapy. 

An orthopedic consultation ruled out any orthopedic condition. The 
thoracic surgery department suggested a diagnostic pneumothorax which 


Fics. 1-3 

Fic. 1. (upper left) March 21, 1935. Showing right upper lobe lesion (initial) of a dense, 
fairly homogeneous nature. 

Fic. 2. (upper right) May 15, 1935. Lipiodol study. No entrance into site of lesion; 
also increase in right upper lobe lesion. 

Fic. 3. (bottom center) November 15, 1935. Posterior plate showing extension of both 
lesions; exudative infiltration left upper lobe; also extensive consolidation of right upper 
lobe with downward convex border suggesting new growth. 


| 
™ 
‘ 
Fy 


CARCINOMA AND TUBERCULOSIS OF THE LUNG 337 


revealed nothing but an extensive apical cap, adherent over the site of the 
lesion. 

On April 10, the patient was transferred from the Medical Service to the 
Chest Service where the tentative diagnoses considered were carcinoma of the 
lung, pulmonary tuberculosis, dermoid of the lung and benign new growth of 
the lung. About this time a definite enlargement of the cervical lymph nodes 
was noted on the left side and a biopsy was performed, the report of the 
pathologist being hypertrophic lymphadenitis. 

Bronchoscopy revealed nothing abnormal except some moderate discharge 
from the right main bronchus. An upper lobe bronchogram revealed no filling 
in the area of the lesion. Lung punctures were performed on May 26, and 
June 17, but only muscle tissue was obtained according to the pathologist’s 
report. 

At Doctor Hamilton’s suggestion, the patient was discharged on June 22 
and advised to return in a month or two for a check-up. 

The patient reapplied for admission on August 15, 1935 because of severe 
pain in the mid-third of the right leg where a lump had developed which had 
become progressively larger until date of admission. Patient did not com- 
plain of any chest pain. He coughed only occasionally with little or no 
expectoration. There was slight weight loss. 

Physical examination revealed dulness over the right upper lobe posteriorly 
with suppressed breath sounds. There were no rales, but increased tactile 
and vocal fremitus. At the mid-third of the right tibial region there was a 
reddish, tender, firm, slightly movable mass the size of a large plum. The 
remainder of the physical findings were essentially the same as on the previous 
admission. 

Admission diagnosis: Carcinoma of the lung with metastasis. 

Temperature ranged from 98° to 100°F. with a terminal rise to 102°. Pulse 
ranged from 90 to 120/minute; respirations from 18 to 24/minute. Weight 
on admission was 108, in latter part of September it was 101 Ibs. 

Laboratory studies revealed a moderate increase in the secondary anaemia. 
There were no other pertinent laboratory findings. Twenty-three sputum 
specimens were negative for tubercle bacilli. A positive concentrated sputum 
was obtained November 13, 1935. 

X-ray studies showed marked diminution of the osteoarthropic changes in 
the upper and lower extremities. There was a destructive lesion in the distal 
third of the right tibia, suggestive of a lymphatic new growth rather than of 
an osteogenic sarcoma. The lesion in the right upper lobe had increased in 
size. 

The patient’s general condition went progressively down-hill and he was 
soon completely bed-ridden. On September 19, a check-up X-ray film of the 
lungs revealed an exudative lesion extending outwards and upwards from the 
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left hilum. A biopsy of the mass in the right tibia revealed a papillary car- 
cinoma, grade 2._ Metastasis then developed in the right fifth finger (proximal 
phalanx), in the outer half of the right clavicle and in the distal end of the left 
femur. A biopsy of the finger metastasis revealed a metastatic epithelial 
carcinoma, grade 3. Terminally the patient developed mental symptoms, 
elevation of temperature to 102°F., oedema of the scrotum, and he finally ex- 
pired on December 31, 1935. No autopsy could be obtained. 


COMMENT 


This case has been presented in detail because of several unusual and 
outstanding features. In the first place, as mentioned previously, 
the combination of phthisis and primary pulmonary carcinoma in the 
same individual is in itself a rare occurrence. Moreover, in the cases 
that have been reported in the literature, the tuberculous lesion was 
practically always of a proliferative and fibrotic character, whereas in 
our case the lesion was of an acute exudative nature and developed 
under our very eyes. In the cases reported elsewhere, both the carcin- 
omatous lesion and the tuberculous infection practically always occurred 
in the same lung, whereas in the case described, each lung was involved 
independently. 

The clinical course of our case reported was extremely unusual. 
Although the incidence of carcinoma of the lung in recent years has been 
progressively increasing, the number of cases which begin with bone and 
joint symptoms (as in our case) instead of pulmonic manifestations have 
been very few. In our case, an X-ray film of the lungs was advised 
only after an extensive study of the osseous system by radiography 
revealed marked hypertrophic osteoarthropic changes. Prior to the 
X-ray study of the bones and joints of our patient, a tentative diagnosis 
of infectious arthritis had been made. This course of events, according 
to Craig (4), is fairly common, due to the extreme infrequency with 


Fic. 4. (upper left) October 18, 1935. Illustrating clubbing, curving of finger nails, etc. 
Fic. 5. (upper right) October 18, 1935. Metastatic lesion, distal third right tibia. 
Fic. 6. (center left) September 13, 1935. Destructive lesion, distal third right tibia, 
about two inches in diameter with new bone formation and invasion of soft tissue and destruc- 


tion of lower part of tibia. 

Fic. 7. (center right) December 30, 1935. Metastasis to proximal phalanx of right 
fifth finger with bone destruction. 

Fic. 8. (lower left) January 25, 1935. [Illustrating osteoarthropic changes in bones 
of fingers (phalanges and metacarpals). 

Fic. 9. (lower right) August 29, 1935. Disappearance of osteoarthropic changes in 
bones of fingers and hand. 
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Fics. 10-13 


Fic. 10. (upper left) January 28, 1935. Illustrating osteoarthropic changes in long bones 
of upper extremities. 

Fic. 11. (upper right) August 29, 1935. Almost complete disappearance of osteoarthropic 
changes in long bones of upper extremities. 

Fic. 12. (lower left) January 29, 1935. Osteoarthropic changes in long bones of lower 
extremities. 

Fic. 13. (lower right) August 29, 1935. Almost complete disappearance of osteoarthropic 
changes in long bones of lower extremities. 
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which bone and joint symptoms appear as the first manifestation of 
bronchogenic carcinoma. In a recent article, he goes so far as to state 
that “had the true significance of the true changes in the limbs been 
realized, the growth in the lungs might have been treated months earlier 
.. .1t is suggested that investigation of the lungs should not be over- 
looked in patients with ‘rheumatism’ or with changes in joints appearing 
without known cause.” : 

This clinical syndrome of hypertrophic pulmonary osteoarthropathy, 
or Marie’s disease, with its bony and soft tissue changes, is believed 
by most authorities to be caused by either toxic absorption from the 
lesion or by mechanical obstruction to the circulation with associated 
right heart failure. Assuming even that both factors were actively re- 
sponsible in our case for the osteoarthropic changes, we cannot explain 
why these changes decreased to a minimum and practically disappeared 
in some sites, in spite of the fact that the carcinomatous lesion became 
progressively larger and a complicating pulmonary tuberculosis de- 
veloped in the opposite lung, either condition in itself being sufficient to 
increase the toxic state or to offer increased mechanical obstruction to 
the circulation. 


SUMMARY 


1. Pulmonary tuberculosis and carcinoma oi the lung is a rather rare 
and infrequent combination in the same individual. 

2. A case of primary pulmonary carcinoma and phthisis is added to 
the relatively few cases recorded in the literature. 

3. The case recorded is unusual on account of certain clinical features. 


(a) The tuberculous lesion was acute in nature rather than of the fibrotic or 
proliferative type. 

(6) One lung was involved by tuberculosis and the other by carcinoma. 

(c) The chief complaint, on admission, of bone and joint pains led to an X-ray 
diagnosis of hypertrophic pulmonary osteoarthropathy, or Marie’s disease, 
with subsequent radiographic discovery of the malignant lesion in the lung. 
This complaint in itself, with no symptoms referable to the lung, is an unusual 
feature and form of onset of bronchogenic carcinoma. 

(d) In spite of the progressive increase in the malignant lesion and the sub- 
sequent onset of the contralateral tuberculous lesion, the osteoarthropic 
changes (which are due to a toxic or mechanical factor) in the long and 
short bones of the extremities decreased to a minimum and in some sites 
practically disappeared. No explanation for this unusual phenomenon can 
be offered. 
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4. To conclude we quote practically verbatim the appropriate state- 
ment of Fried (5): “It is pertinent to stress again that in any case of 
chronic pulmonary affection in a person of middle or past middle age 
with persistence of symptoms, particularly if it is accompanied by a 
progressive loss of weight and strength, the possibility of malignant 
disease should always be considered; also, that the presence of pulmonary 
tuberculosis does not exclude the existence of a malignant process in the 
same (or opposite) lung (or vice versa).” 
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TUBERCULOSIS IN RABBITS! 
A Further Comparison of the Roentgenological and Pathological Findings in 
Primary and Reinfection Experimental Pulmonary Tuberculosis in Rabbits 
Part I. Primary Tuberculosis 


HUGH E. BURKE 


In a preceding series of papers (1935) the roentgenological and patho- 
logical findings in primary and reinfection tuberculosis, produced in 
healthy and vaccinated rabbits, respectively, by the intratracheal in- 
jection of a single dose of virulent human tubercle bacilli, were described 
and correlated. The primary and the reinfection lesions in these ani- 
mals, though strikingly different in the manner in which they developed, 
were essentially retrogressive in nature. 

The present study deals with the roentgenological and pathological 
findings in primary and reinfection tuberculosis, induced in healthy and 
vaccinated rabbits, respectively, by the intratracheal injection of graded 
doses of virulent bovine tubercle bacilli. The pulmonary lesions in 
most of these rabbits, in contrast to the lesions in the animals previously 
described, are essentially progressive. They are comparable, in many 
respects, to progressive pulmonary tuberculosis in man. The present 
study discloses the importance of dosage in the pathogenesis of tuber- 
culosis. 

Primary experimental pulmonary tuberculosis will be described and 
discussed in this paper. 

It may be well at this point to describe the observations of other in- 
vestigators who have studied primary pulmonary tuberculosis produced 
in animals by the intratracheal injection of bovine tubercle bacilli. 


HISTORICAL 


Lewis and Montgomery (1913) produced pulmonary tuberculosis in 
dogs by the intratracheal injection of large amounts of tubercle bacilli 
of the bovine type. The dogs had no fever, but lost weight and coughed. 
Some of the animals presented physical signs of pulmonary consolidation. 

1 From The New York State Hospital for Incipient Pulmonary Tuberculosis, Ray Brook, 
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The lungs of the dogs killed before the fourteenth day contained patches 
of red to gray consolidation. Areas of necrosis and caseation were found 
in the lungs of all of the dogs killed between the fourteenth and the 
twentieth days. The lungs of some of these animals contained cavities. 
The dogs which were not killed died of generalized miliary tuberculosis. 
Corper (1922-1923) produced pulmonary tuberculosis by instilling large 
quantities of dead bovine and human tubercle bacilli into dogs’ nares. 
Extensive lesions developed in the lungs of the dogs. Corper described 
the lesions at various stages up to the one hundred and thirty-ninth day. 
In 1931 Fried wrote a paper on the early changes in the lungs of rabbits 
injected intratracheally with 0.5 mg. of bovine tubercle bacilli in sus- 
pension in isotonic saline. He stated that he found primitive tubercles 
in the lungs five minutes after the intratracheal injection and that areas 
of caseation were noted in the lungs on the fourth or fifth day. He 
allowed only a few of his animals to live beyond the seventh day following 
the intratracheal injection. Soper, Sampson and Haskins (1927) 
appear to have been the first investigators to make a roentgenological 
study of primary experimental pulmonary tuberculosis. They instilled 
heavy suspensions of bovine tubercle bacilli into rabbits’ nares and 
followed the course of the resulting pulmonary lesions by means of chest 
roentgenograms and necropsy examinations. The lesions were pre- 
dominantly progressive. Most of the animals died within a few months. 
In 1934 Willis published a paper on the X-ray and necropsy findings in 
pulmonary tuberculosis produced in rabbits by the intratracheal in- 
jection of bovine and of human tubercle bacilli. He stated that the 
intratracheal injection of bovine tubercule bacilli into normal, non- 
infected rabbits leads to progressive and fatal tuberculosis. 


EXPERIMENTAL 


Rabbits: The rabbits were the offspring of the same rabbits which produced 
the animals used in the experiments described by us in 1935. They were in- 
jected intratracheally when they were approximately six months old and 
weighed about 1,500 g. They were kept in cages indoors and offered a con- 
stant well-balanced diet during the period of the experiments. 


Bacillary suspensions for intratracheal injections: Cultures of virulent bovine 
tubercle bacilli,? grown on glycerin broth of pH 6.8, were used for all the intra- 
tracheal injections. Only cultures that showed good growth were employed. 
The tubercle bacilli were partially dried between layers of filter paper and 


* Strain B1, Saranac Laboratory. 


TUBERCULOSIS IN RABBITS 345 


weighed. A known weight of microédrganisms was ground in a mortar. 


es 
id While the grinding was proceeding, a measured quantity of 0.9 per cent sodium 
he chloride solution was added drop by drop. The suspension was diluted so i 
" that 0.25 cc. of suspension contained either 0.1 mg. or 0.5 mg. or 1.0 mg. of bi 
4 tubercle bacilli. The suspension was shaken before each rabbit was injected. ) { 
4 Intratracheal injections: The rabbits were anaesthetized with sodium amytal i 
- administered intraperitoneally. The trachea wasexposed. The suspension of { 
d tubercle bacilli was injected into the trachea with a tuberculin syringe and ¢ 
y. needle of fine bore. The animal was then laid on the left side, with head and | | 
ts forequarters elevated, so as to direct the suspension into the left lung. Each fl 
S- animal was given but a single intratracheal injection. Lesions limited to the - i 
2S left lower lobe were usually produced. i I 
iS 
le Roentgenograms: Chest roentgenograms of the rabbits were made at daily, 
g weekly or monthly intervals, as indicated, over periods up to two and one-half 
)) years. In addition, stereoscopic roentgenograms of the excised and inflated 4 
1 lungs were made at each necropsy. All of the roentgenograms of the excised | 
Fi lungs were taken in the negative pressure chamber described by us in 1934. : 
d Autopsies: Some of the rabbits were allowed to die. Others were killed at t. 
t selected intervals. The gross necropsy findings were noted. Roentgenograms 
- of the excised lungs were made. The lungs were then distended with Zenker’s st 
. fixative. Selected portions of the other organs and tissues were placed in 1, 
2 10 per cent formalin. Later, with the necropsy protocols, the chest roentgeno- a 
- grams and the roentgenograms of the excised lungs as guides, the lungs were id 
2 cut and sections were prepared. Most of the sections for microscopical ex- ti 
amination were stained with hematoxylin and eosin. A few were stained for } 
tubercle bacilli, elastic tissue and connective tissue. After the microscopical 4 
examination of the necropsy material had been completed, the roentgenological if | 
and pathological findings were reviewed and compared. i 


Fifty-five healthy rabbits were injected intratracheally with measured 
quantities of bovine tubercle bacilli. Twenty-six animals were injected 
with 0.1 mg. of bacilli; 18, with 0.5 mg.; and 11, with 1.0 mg. The i 
rabbits were handled in groups. To control the experiment, some ani- i 
mals in certain groups were killed early while other animals in the same Hi 
groups were killed late. The resultant lesions varied with the dose of i 
microérganisms but were strikingly uniform in animals injected with oH 
similar quantities of bacilli, as the roentgenological data in tables 1, d 1 
2 and 3 indicate. i 


| 
i 
| 
| 
| 
ug 


346 


HUGH E. BURKE 


The roentgenological and pathological findings in the rabbits injected 
intratracheally with 0.1 mg. of microdérganisms will be presented in 


TABLE 1 


Primary infection—0.1 mg. B1 


CASE 
NUMBERS 


NUMBER OF 
RABBITS 


APPROXIMATE 
DATE OF 
FIRST 
ABNORMAL 
SHADOWS 


APPROXIMATE 
DATE OF 
LARGEST 

ABNORMAL 
SHADOWS 


APPROXIMATE 
DATE OF 
DISAPPE AR- 
ANCE 
OF SHADOWS 


APPROXIMATE 


OF SHADOWS 


DURATION OF EXPERIMENT 


350-359 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 


393-398 
393 
394 
395 
396 
397 
398 


409-411 
409 
410 
411 


446-449 
446 
447 
448 
449 


469-471 
469 
470 
471 


13th day 
16th day 
13th day 
20th day 
10th day 
20th day 
13th day 
16th day 
13th day 
13th day 


26th day 
8th month 
2nd month 
26th day 
26th day 
26th day 


7th month 
20th day 
2nd month 


23rd day 
20th day 
20th day 
23rd day 


22nd day 
19th day 
28th day 


2nd month 
1st month 
1st month 
ist month 
1st month 
6th month 
ist month 
1st month 
2nd month 
1st month 


1st month 
8th month 
2nd month 
ist month 
1st month 
1st month 


8th month 
2nd month 
2nd month 


ist month 
1st month 


1st month 
ist month 
1st month 


4th month 
5th month 
7th month 
5th month 
4th month 


3rd month 
5th month 
7th month 


3rd month 
4th month 
3rd month 
3rd month 
3rd month 


4th month 


2nd month 
2nd month 


9th month 
6th month 
13th month 
9th month 


7th month 


8th month 


11th month 


8th month 
8th month 


11th month 


7th month 


Died 
Died 
Died 
Died 
Killed 
Died 
Killed 
Died 
Killed 
Died 


1 year 2 months. 
8 months. 

1 year 3 months. 
11 months. 

1 year 2 months. 
6 months. 

3 months. 

10 months. 

6 months. 

1 year 3 months. 


Killed 
Killed 
Killed 
Killed 
Killed 
Killed 


1 year 2 months. 
8 months. 

8 months. 

9 months. 

7 months. 

11 months. 


Killed 
Killed 
Killed 


8 months. 
8 months. 
9 months. 


Killed 
Killed 
Killed 
Killed 


23 days. 
23 days. 
5 months. 
5 months. 


1 month. Killed 
4months. Killed 
2 months. Killed 


detail. 


The findings in the rabbits injected intratracheally with 0.5 
and 1.0 mg. of bacilli will be presented in abbreviated form. 


TUBERCULOSIS IN RABBITS 


began to recede. They disappeared, as a rule, during the fourth or the 


ed Rabbits Injected with 0.1 mg. of Bacilli i 
in The course of events in healthy rabbits injected intratracheally with I 
0.1 mg. of bovine tubercle bacilli was as follows: The rabbits were not 
ill during the early or intermediate stages of the disease. They ate well Ph 
_ and gained weight as rapidly as control animals. Abnormal shadows Li} 
TABLE 2 
= Primary infection—0.5 mg. B1 i i 
og APPROXIMATE | APPROXIMATE | APPROXIMATE | APPROXIMATE d 
CASE DATE OF DATE OF DATE OF DATE OF 
NUMBERS|& FIRST LARGEST DISAPPEAR- REAPPEAR- DURATION OF EXPERIMENT 
ABNORMAL ABNORMAL ANCE ANCE 
SHADOWS SHADOWS OF SHADOWS OF SHADOWS 
376-383| 8 
d 376 Ist day iday. Died 
377 13th day 2nd month — 8th month 10 months. Died 4 
d 378 13th day ist month a 8th month 10 months. Died j i 
379 22nd day ist month | 3rd month |29th month | 2 years5 months. Killed F 4 
d 380 8th day | 2nd month — 7th month 10 months. Died i 
381 13th day ist month | 3rd month |13th month | 1 year 3 months. Died . ae 
382 22nd day 1st month | 3rd month | 6th month 11 months. Died f 
383 13th day | 1st month | 6th month |15th month | 1 year9 months. Died bs 
d | 
d 399-400} 2 a 
d 399 12th day 2nd month | 8th month |12th month | 1 year 3 months. Killed r; 
400 12th day 2nd month | 6th month |11th month 11 months. Killed a. 
| 406-407 
406 2nd month| 2nd month | 3rd month | 7th month 9 months. Killed bi i 
' 407 10th day | ist month | 3rd month — 5 months. Killed es 
450-453 
450 16th day — — 1 month. Killed 
451 13th day | ist month 5 months. Killed 
452 20th day 1 month. Killed 
453 13th day 13 days. Killed 
472-473 
472 15th day 15 days. Killed 
473 15th day ist month — 3rd month 3 months. Killed ’ a 
! were usually detected in chest roentgenograms taken between the tenth t 
and twenty-eighth days. These shadows increased in size, attaining i fh: 
maximum proportions in roentgenograms taken during the latter part 4 
3 of the first month or the early part of the second month. They then ae 
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fifth month. Then, after the chest roentgenograms had contained no 
abnormal shadows for periods varying from one to six months, abnormal 
shadows suddenly appeared in one or both lung fields. These shadows 


rapidly increased in size and number. 


refused to eat and lost weight. 


The rabbits became ill. 
They usually died of extensive pul- 


They 


monary tuberculosis within three or four months of the time when new 
abnormal shadows began to appear. 


TABLE 3 


Primary infection—1.0 mg. Bl 


CASE 
NUMBERS 


NUMBER OF 
RABBITS 


APPROXIMATE 
DATE OF 
FIRST 
ABNORMAL 
SHADOWS 


APPROXIMATE 
DATE OF 
LARGEST 

ABNORMAL 
SHADOWS 


APPROXIMATE 
DATE OF 
DISAPPEAR- 
ANCE 
OF SHADOWS 


APPROXIMATE 
DATE OF 
REAPPEAR- 
ANCE 
OF SHADOWS 


DURATION OF EXP 


ERIMENT 


112-115 
112 
113 
114 
115 


403-405 
403 
404 
405 


455-456 
455 
456 


474-475 
474 
475 


9th day 
9th day 
17th day 
17th day 


10th day 
10th day 
10th day 


13th day 
13th day 


12th day 
15th day 


ist month 
1st month 
ist month 
1st month 


2nd month 
2nd month 
1st month 


1st month 


5th month 


3rd month 


5th month 
6th month 


14th month 


7th month 


14th month 


8 months. 
8 months. 


1 month. 


14 months. 


8 months. 
5 months. 
1 year 3 months. 


1 month. 
13 days. 


2 months 
4 months 


Died 
Died 
Killed 
Killed 


Killed 
Killed 
Died 


Killed 
Killed 


. Killed 
. Killed 


The roentgenological and pathological findings in a representative 


rabbit in which the course of the disease was not interrupted, were as 
follows: 


Rabbit No. 350: Died at one year and two months: Faint homogeneous shadows 
with indefinite margins were detected in the lower left lung field of a roentgeno- 
gram taken on the thirteenth day. These shadows slowly increased in size 
without losing the original characteristics. They attained maximum propor- 
tions in a roentgenogram taken in the fifth week. Thereafter they gradually 
became smaller, disappearing in the fourth month. No abnormal shadows 
were found in any roentgenograms, posteroanterior or lateral, taken between 
the fourth and the ninth months. Then, suddenly, abnormal shadows began 
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to reappear. The first abnormal shadow, a homogeneous one with indefinite 
margins, was discovered in the upper right lung field of a roentgenogram taken 
at the end of the ninth month. A film made in the tenth month disclosed 
other abnormal shadows with similar characteristics, in both lung fields. 
A roentgenogram, taken an hour before the animal died, revealed small 
scattered homogeneous shadows with indefinite margins in the right lung field, 
and a diffuse shadow of varied opacity in the left lung field. Stereoscopic 
films of the excised lungs disclosed a relatively small left lung field and an 
approximately equal number of homogeneous shadows, with and without 
indefinite margins, in both lung fields. A few minute dense discrete shadows, 
suggestive of calcareous deposits, were found in the left lung field. 

The necropsy findings were as follows: Delicate adhesions bound the left 
lower lobe to the diaphragm and the lateral chest wall. The cardiac lappet of 
the right upper lobe was adherent to the pericardium. Several pale yellow 
nodules, measuring 1 to 2 mm. in the longest diameter, were found in both 
pleural spaces. These nodules were loosely attached to the parietal pleura. 
The lungs were of unequal size, the left lung being considerably smaller than 
the right lung. Both contained small areas of red and gray consolidation and 
large areas of yellow consolidation. One of the paratracheal lymph nodes was 
large, soft and gray. There were tubercles in the kidneys and in the proximal 
portion of the appendix. 

The sections disclosed large areas of consolidation in the peripheral portions 
of both lungs and small areas of consolidation elsewhere. The large areas of 
consolidation in the lower portions of both lungs contained macroscopical 
caseous foci. Closer inspection showed that many of the alveoli adjoining the 
medial borders of these areas contained variable numbers of large mononuclear 
leucocytes and variable quantities of serocellular exudate. It also showed 
that many of the caseous foci were surrounded by strands of fibrous tissue. 
A few minute calcareous deposits were found in some of the fibrocaseous foci 
in the left lower lobe. The pleura overlying these areas was thick and fibrous. 
All of the other areas of consolidation, with the exception of an area in the 
peripheral portion of the right upper lobe, consisted essentially of collections 
of mononuclear and polymorphonuclear leucocytes and minute caseous foci. 
The area of consolidation in the peripheral portion of the right upper lobe 
contained collections of mononuclear leucocytes, caseous foci partially sur- 
rounded by fibrous tissue and a small cavity (2 to 3 mm. in diameter) with 
a necrotic inner wall. 

(Some of the roentgenological and pathological findings in rabbit No. 350 
are illustrated in plates 1 and 2.) 


The chest roentgenograms of the 7 rabbits, which like the animal 
described in the preceding protocol died with extensive pulmonary 
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tuberculosis, showed striking differences in the size and the character of 
the abnormal shadows at different stages. In some instances the first 
abnormal shadows were large; in others, small. Many of the first ab- 
normal shadows had indefinite margins. A few, however, had one or 
more sharply defined margins. We were unable, from the size or the 
character of the first abnormal shadow, to predict the size and nature of 
the shadows in succeeding roentgenograms. We found, however, that 
once the shadows attained maximum proportions the larger shadows 
usually receded more slowly than the smaller shadows. The shadows 
in single roentgenograms taken during the second or the third month, 
when the disease was retrogressing, were similar to the shadows in 
roentgenograms taken during the first month when the disease was 
progressing. In spite of the fact that the chest roentgenograms of 5 
of these 7 rabbits became negative and remained negative for several 
months, abnormal shadows appeared, sooner or later, in both lung fields 
in all instances. Abnormal shadows reappeared simultaneously in both 
lung fields in 3 cases. They reappeared in the left lung field first in 3 
cases; in the right lung field, in one case. These shadows rapidly in- 
creased in size and number. Signs of cavitation were not detected. 
As a rule, the final chest roentgenograms showed abnormal shadows 
throughout both lung fields. The roentgenograms of the excised and 
inflated lungs occasionally revealed differences in the size of the lung 
fields and signs of emphysema and cavitation. 

An analysis of the necropsy findings in the 7 rabbits which died with 
extensive pulmonary tuberculosis disclosed the following points: All 
had pleuritic adhesions on the left side; 4 had adhesions on the right 
side also. One animal, No. 355, had a pleural effusion on the left side. 
This animal, as well as one other (No. 359) died with a left spontaneous 
pneumothorax. Firm pale yellow nodules were found on the parietal 
pleura or in the mediastinum in a few instances. All of the rabbits had 
extensive pulmonary tuberculosis. Sections of the lungs disclosed 
scattered tubercles, some fibrocaseous lesions, and many large irregularly- 
shaped areas of tuberculous pneumonia containing macroscopical, as 
well as microscopical caseous foci. Single minute cavities were found 
in the left lung of 3 animals; a large cavity, in the left lung of one animal 
(No. 355). The right lung of 5 of the 7 rabbits, on the other hand, 
contained cavities varying from 2 to 7 mm. in diameter. The para- 
tracheal lymph nodes were large in all but one instance. No calcareous 
deposits were found in them. The kidneys of all of the rabbits contained 
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tubercles. There were tubercles in the appendix or the caecum of 6 of 
the 7 animals. 

The roentgenological and pathological findings in rabbits killed in 
order to trace the evolution of experimental pulmonary tuberculosis 
similar to that of the foregoing 7 rabbits will now be presented. 

Two rabbits were killed when abnormal shadows were first detected 
in the chest roentgenograms. One animal was killed on the twenty- 
third day following the intratracheal injection ; the other, on the twentieth 
day. The shadows in the chest roentgenograms were homogeneous 
with indefinite margins situated in the lower left lung field. The roent- 
genograms of the excised inflated lungs disclosed mottled shadows in 
the left lung field and ovoid densities proximate to the outline of the 
trachea. Necropsy examination revealed isolated and conglomerate 
tubercles in the left lower lobe and large paratracheal lymph nodes. 
Some of the tubercles had minute caseous foci. The sinuses of the para- 
tracheal lymph nodes were filled with pale mononuclear leucocytes. 
There were no lesions in the left upper lobe or in the right lung. These 
observations and plate 3, which contains illustrations of the roentgeno- 
logical and pathological findings in one (No. 446) of these rabbits, indicate 
that tubercles are present in the lungs when abnormal shadows are 
first detected in chest roentgenograms. 


One rabbit was killed at the end of the first month, at a time when a large 
homogeneous shadow with poorly defined margins occupied most of the lower 
half of the left lung field. Stereoscopic roentgenograms of the excised lungs of 
this animal revealed conglomerate mottled shadows of varied density through- 
out the midportion of the left lung field and small irregularly shaped shadows 
adjacent to the outline of the trachea and the left main bronchus. Necropsy 
examination disclosed many discrete and conglomerate, firm, gray areas of 
consolidation in the left lower lobe and several large, soft, gray paratracheal 
lymph nodes. No lesions of significance were found in the other viscera. 
The areas of consolidation in the left lower lobe proved, on microscopical 
examination, to be pneumonic foci consisting of vast collections of large pale 
mononuclear leucocytes and scattered clusters of polymorphonuclear leucocytes 
and lymphocytes. There were minute necrotic or caseous foci in some of the 
areas of consolidation. Many of the alveoli adjoining the pneumonic foci 
contained variable numbers of mononuclear leucocytes. The capillaries in 
the septa of these alveoli were not conspicuously large. The lymph follicles 
adjacent to the larger bronchi and blood vessels contained clusters of pale 
mononuclear leucocytes. 
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The foregoing observations and plate 3, which depicts some of the 
roentgenological and pathological findings in the above described rabbit 
(No. 469), make it seem highly probable that the lungs of all of the rabbits 
similarly injected and presenting comparable chest roentgenograms in 
the latter part of the first month or the early part of the second month 
contained large areas of tuberculous pneumonia. 

The roentgenological and pathological findings in one of 7 rabbits 
killed when the original abnormal shadows had disappeared were as 
follows: 


Rabbit No. 470: Killed at one hundred and thirteen days: The abnormal shadows 
in the early chest roentgenograms of this animal were comparable to those in 
the roentgenograms of the foregoing rabbits. They attained maximum pro- 
portions at the end of the first month and receded during the second month. 
No abnormal shadows were found in any of the chest roentgenograms taken 
between the end of the second month and the fourth month, when the animal 
was killed. Stereoscopic roentgenograms of the excised lungs disclosed two 
minute moderately dense shadows and a few indefinite mottled shadows in 
the midportion of the left lung field. A faint homogeneous shadow overlay 
the outline of the right main bronchus. 

Inspection of the lungs, prior to the preparation of sections, failed to dis- 
close any lesions. The lungs inflated readily and uniformly in the negative 
pressure chamber. Only one of the paratracheal lymph nodes was appreciably 
enlarged. The appendix contained a few small (0.1 to 0.3 cm. in the largest 
diameter) yellow tubercles. No lesions were found in the other organs. 

Four sections of this rabbit’s lungs were examined. No lesions were found 
in two of the sections. The remaining two sections showed a cluster of minute 
caseofibrous lesions proximate to the main bronchus of the left lower lobe. 
These lesions contained traces of inspissated caseous material, numerous 
mononuclear leucocytes, a few polymorphonuclear leucocytes and an occa- 
sional giant cell. Fibroblasts, fibrous tissue and lymphocytes encircled most 
of the lesions. One lesion which was not completely surrounded by fibrous 
tissue involved a portion of the wall of an adjoining bronchus. Leucocytes 
permeated all the layers of the wall of the bronchus; and the mucosa, at one 
point, showed signs of ulceration. Some of the alveoli adjacent to the cluster 
of lesions contained a few large mononuclear leucocytes. No lesions were 
found in the left upper lobe or in the lobes of the right lung. The pulmonary 
lymphoid tissue was slightly hypertrophic and hyperplastic. 


The preceding protocol and accompanying illustrations, plate 4, 
depict two of the striking features of primary pulmonary tuberculosis 
induced in rabbits by the intratracheal injection of 0.1 mg. of bovine 
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tubercle bacilli, namely, (1) the disappearance of extensive abnormal 
shadows, and (2) the resolution of large areas of tuberculous pneumonia. 
A chest roentgenogram of the rabbit described above, taken at the end 
of the first month, disclosed a large abnormal shadow in the left lung 
field. The rabbit undoubtedly had tuberculous pneumonia at this time. 
Roentgenograms taken during the second month showed recession of the 
abnormal shadows. No abnormal shadows were'found in chest roent- 
genograms taken during the third and the fourth months. The animal 
was killed at the end of the fourth month. Stereoscopic roentgenograms 
of the excised, inflated lungs disclosed a few minute shadows in the mid- 
portion of the left lung field and an ovoid density proximate to the outline 
of the right main bronchus. A small cluster of minute caseofibrous 
lesions was found in the apical portion of the left lower lobe. The wall 
of a large bronchus adjacent to one of these lesions was infiltrated with 
leucocytes and showed signs of early ulceration of the mucosa. 

The roentgenological findings in 4 of the 7 rabbits killed when the chest 
roentgenograms contained no abnormal shadows were similar to those 
described in the preceding protocol. A few small fibrocaseous lesions 
were found in the left lung of each of these animals. The right lung of 
one animal contained three minute fibrocaseous lesions. No tubercles 
were found in the kidneys of these rabbits. Roentgenograms of the 
excised inflated lungs of the 3 remaining rabbits disclosed moderately 
large abnormal shadows in the peripheral and lower portions of both lung 
fields, areas which cannot be readily visualized in chest roentgenograms. 
A few fibrocaseous lesions, some areas of tuberculous pneumonia and 
some immature tubercles were found in sites corresponding to these 
shadows. The lungs of one animal (No. 449) contained a few small 
cavities. There were minute calcareous deposits in the walls of these 
cavities and in some of the nearby fibrocaseous lesions. The kidneys of 
2 of these 3 rabbits contained tubercles. 

The roentgenological and pathological findings in a rabbit killed when 
abnormal shadows began to reappear, were as follows: 


Rabbit No. 398: Killed at forty-five weeks and two days: A chest roentgenogram 
taken on the twelfth day contained no abnormal shadows. A faint homogene- 
ous shadow with ill defined margins was found in the lower left lung field of a 
film taken on the twenty-sixth day. The abnormal shadows in roentgeno- 
grams made during the second month were slightly denser, but no larger. 
The shadows in succeeding roentgenograms became smaller and disappeared 
early in the third month. No abnormal shadows were found in the left lung 
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field of any films made between the third and the eleventh month. An in- 
definite shadow with hazy margins, however, was noted in the midportion of 
the right lung field of a few films taken between the eighth and the tenth 
month. Then suddenly, at a time when chest roentgenograms were being 
taken at intervals of three or four days, a new abnormal shadow appeared in 
the lower portion of the left lung field. This shadow was small (0.6 x 0.3 cm.) 
homogeneous with indefinite margins. A chest roentgenogram, made a day 
later, revealed several faint homogeneous shadows with poorly defined margins 
in the left lung field. Stereoscopic roentgenograms of the excised lungs, taken 
the same day, disclosed many abnormal shadows. The right lung field con- 
tained a large crescentic shadow and a few small mottled shadows. The left 
lung field contained several small homogeneous shadows and some mottled 
shadows. The outlines of the trachea and the left main bronchus were par- 
tially obscured by ovoid densities. 

The necropsy findings were as follows: There were two small (0.1 cm. in 
the largest diameter) tubercles on the membranous portion of the left leaf of 
the diaphragm. Inspection of the lungs, prior to the preparation of sections, 
disclosed a circular area of gray and yellow consolidation in the dorsal and 
lateral portions of the left lower lobe, and some pale gray tubercles (0.1 to 
0.2 cm. in the largest diameter) in the dorsal portion of the same lobe. The 
ventral lappet of the right middle lobe contained an irregularly shaped area 
of red and gray consolidation. The pulmonary parenchyma adjoining all of 
these lesions was pale pink. The paratracheal lymph nodes were moderately 
large. There were a few tubercles in the serosal layer of the terminal portion 
of the appendix and in both kidneys. 

Sections of the lungs disclosed lesions of varied size and shape in the left 
lung and a moderately large area of consolidation in the right lung. Some of 
the lesions in the left lung were fibrocaseous; others consisted of vast collections 
of pale mononuclear leucocytes and a few lymphocytes. The alveoli adjoining 
the largest fibrocaseous lesion, as well as some of the alveoli near the tubercles, 
contained a few mononuclear leucocytes. The lumen of a bronchus proximate 
to one of the fibrocaseous lesions in the upper part of the lower lobe contained 
a little necrotic debris. The capillaries were not dilated. Part of the area of 
consolidation in the right lung consisted of caseofibrous lesions surrounded by 
vast numbers of large mononuclear leucocytes and a few erythrocytes; part, 
of an organized tuberculous pneumonia. Some of the capillaries near the 
margins of the caseofibrous lesions were dilated. The wall of a large blood 
vessel in this area contained an intimal tubercle. 

(Plate 5 contains illustrations of some of the roentgenological and patho- 
logical findings in rabbit No. 398.) 


The findings in the case described above demonstrate two more strik- 
ing features of primary pulmonary tuberculosis induced in the manner 
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described herein, namely, (1) the sudden reappearance of abnormal 
shadows after chest roentgenograms have, for months, failed to reveal 
evidence of pulmonary disease, and (2) the onset, after a latent period, 
of rapidly progressive pulmonary tuberculosis. The early chest roent- 
genograms of the rabbit described in the foregoing protocol disclosed 
abnormal shadows in the left lung field. These shadows disappeared 
in the third month. No abnormal shadows were found in the left lung 
field of any of the roentgenograms taken between the end of the third 
month and the beginning of the eleventh month. (An indefinite shad- 
ow, however, was noted in the midportion of the right lung field of a few 
roentgenograms taken between the eighth and the tenth month.) There 
were undoubtedly small tuberculous lesions in the animal’s left lung dur- 
ing the interval when the chest roentgenograms failed to reveal evidence 
of pulmonary disease in this site. Suddenly, in the eleventh month, a 
small homogeneous shadow with poorly defined margins appeared in the 
left lung field. A roentgenogram, made a day later, revealed several 
small abnormal shadows with indefinite margins in the same lung field 
and an indistinct shadow in the midportion of the right lung field. The 
animal was killed at this time. A roentgenogram of the excised inflated 
lungs disclosed scattered densities with indefinite margins in the left lung 
field and a large crescentic shadow and a few mottled shadows in the right 
lung field. Ovoid densities partially obscured the shadows of the trachea 
and the left main bronchus. A comparison of the roentgenological and 
necropsy findings showed that some of the poorly defined homogeneous 
shadows in the left lung field were cast by isolated fibrocaseous lesions 
and that others were cast by vast collections of pale mononuclear leuco- 
cytes. The crescentic shadow in the right lung field was due, in part, 
to an area of organized tuberculous pneumonia and, in part, to a cluster 
of caseofibrous lesions surrounded by vast numbers of leucocytes, erythro- 
cytes and dilated capillaries. We were unable to find any correlation 
between the character of the shadows in the roentgenograms and the 
nature of the lesions in the lungs. 

The rabbit, the findings in which have just been summarized, was one 
of 4 rabbits killed soon after abnormal shadows began to reappear. 
Although there were marked variations in the time at which abnormal 
shadows reappeared and in the location, size and character of the abnor- 
mal shadows, the lesions found at necropsy were essentially the same in 
all instances. The lesions consisted of fibrocaseous foci, areas of old or 
of recent tuberculous pneumonia, vast collections of pale mononuclear 
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leucocytes and isolated tubercles. The left lung of one rabbit had two 
small cavities. Tuberculous ulcers were found in the wall of the main 
bronchus of the left lower lobe in two instances. A large blood vessel 
in the right lung of one rabbit contained an intimal tubercle. There were 
clusters of pale mononuclear leucocytes in the wall of the appendix of two 
of the rabbits. The kidneys of all 4 animals contained scattered tuber- 
cles of varied size. 

The foregoing observations on rabbits killed at successive periods 
demonstrate that the steps in the evolution of primary pulmonary 
tuberculosis induced by 0.1 mg. of bovine tubercle bacilli in the manner 
described herein, are as follows: Tubercles develop in the left lung during 
the second and third week following the intratracheal injection. These 
coalesce to form large areas of tuberculous pneumonia by the end of the 
first month or the beginning of the second month. Then the large areas 
of tuberculous pneumonia undergo a remarkable degree of resolution. 
By the end of the third month there are, as a rule, only a few minute 
tubercles or fibrocaseous lesions in the left lung. These lesions frequently 
involve the wall of the main bronchus of the left lower lobe. Cavities 
are rarely present. These minute residual lesions may remain quiescent 
for months. Then, for some unexplained reason or reasons, dissemina- 
tion of tubercle bacilli occurs and rapidly progressive pulmonary tubercu- 
losis develops. The newly developing disease has the characteristics 
of reinfection tuberculosis. Death with extensive pulmonary tubercu- 
losis and tuberculous foci in other organs, within a few months, is the rule. 


Rabbits Injected with 0.5 mg. of Bacilli 


The roentgenological findings in the rabbits injected intratracheally 
with 0.5 mg. of bovine tubercle bacilli were similar to those in the animals 
injected intratracheally with 0.1 mg. of microédrganisms. Abnormal 
shadows were, as a rule, first detected in chest roentgenograms taken 
between the twelfth and the twenty-second day (table 2). The shadows 
usually attained maximum proportions during the latter part of the first 
month or the early part of the second month. They were no larger or no 
denser than the largest shadows in corresponding roentgenograms of 
rabbits injected with 0.1 mg. of bacilli. The shadows in the roentgeno- 
grams of the majority of the rabbits receded during the second month 
and disappeared sometime between the third and the eighth month. 
Sooner or later abnormal shadows reappeared in the roentgenograms of 
all except one of the rabbits which were allowed to live more than three 
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months. These shadows were usually large. They sometimes appeared 
in one lung field; sometimes in the other; sometimes in both lung fields 
simultaneously. Serial roentgenograms taken after the reappearance 
of abnormal shadows showed a rapid increase in the number and in the 
size of the shadows in both lung fields. The rabbits in which the course 
of the disease was not interrupted died with extensive pulmonary tubercu- 
culosis within three to six months of the date of:the reappearance of 
abnormal shadows. 

An analysis of the necropsy findings in the 6 rabbits which died with 
extensive pulmonary tuberculosis disclosed the following points: One 
rabbit had bilateral pleuritic adhesions; 3, unilateral pleuritic adhesions. 
The pleural spaces of one of the latter group contained several firm yellow 
nodules. One animal had bilateral pneumothorax. The lungs of all 
of the rabbits contained numerous areas of caseation and fibrosis and 
vast collections of mononuclear leucocytes. There were cavities in the 
left lung of 3 animals and in the right lung of 2 animals. The para- 
tracheal lymph nodes of all the animals were large and soft. The kid- 
neys and the intestines of every animal contained tubercles. 

The lungs of rabbits killed at successive stages showed isolated and 
conglomerate tubercles, large areas of consolidation containing minute 
caseous foci, scattered fibrocaseous lesions and occasionally a small 
cavity. A single tubercle was found in one kidney of a rabbit killed 
prior to the time that new lesions began to appear in the lungs. The 
kidneys of 2 of 4 rabbits killed soon after new pulmonary lesions were 
detected contained scattered tubercles. No lesions were found in the 
intestines of these animals. 

The roentgenological and pathological findings in one rabbit in this 
group were quite different from those of the other animals. In this 
instance (No. 379) no abnormal shadows were found in any chest roent- 
genograms taken between the third and the twenty-ninth month. Min- 
ute shadows then suddenly appeared in all parts of both lung fields. 
The rabbit was killed a few days after these shadows appeared. 
Necropsy examination disclosed miliary tubercles in the lungs, kidneys, 
intestines, liver and spleen. 


Rabbits Injected with 1.0 mg. of Bacilli 


The roentgenological findings in the rabbits injected intratracheally 
with 1.0 mg. of bovine tubercle bacilli were strikingly different from 
those in the rabbits injected intratracheally with smaller doses of bacilli. 
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Abnormal shadows were usually detected at an earlier date (table 3). 
The shadows in chest roentgenograms taken in the latter part of the first 
month or the early part of the second month were invariably larger than 
the shadows in corresponding roentgenograms of animals injected with 
smaller doses of tubercle bacilli. They failed to disappear in most cases. 
Signs of cavitation were noted in a few instances. New abnormal 
shadows frequently appeared at an earlier date. These shadows in- 
variably increased in size and number more rapidly than the corre- 
sponding shadows in roentgenograms of rabbits injected with smaller 
doses of the microérganisms. The rabbits died, as a rule, one to three 
months after new shadows began to appear. 

The roentgenological and pathological findings in a representative 
rabbit, which died with extensive pulmonary tuberculosis, were as 
follows: 


Rabbit No. 113: Died at eight months: A chest roentgenogram taken on the 
ninth day revealed a faint homogeneous shadow with indefinite margins in the 
lower left lung field. The shadow in this site in a roentgenogram made on the 
seventeenth day was more distinct and at least twice as large. The shadow 
attained maximum proportions in the early part of the fifth week and became 
slightly smaller in the following four weeks. Areas of rarefaction were first 


noted in the shadows in the left lung field in chest roentgenograms taken in the 
early part of the third month. For a time the areas of rarefaction were in- 
constant. They then became constant and began to increase in size and 
number. By the end of the fifth month, the shadows in the left lung field 
contained multiple areas of rarefaction. Mottled shadows began to appear 
in the right lung field in the sixth month. The shadows in the left lung field 
became larger simultaneously. Abnormal shadows occupied practically all 
of both lung fields by the eighth month. The roentgenograms of the excised 
lungs revealed lung fields of equal size filled with shadows of varied density 
and form. The shadows in the two lung fields were similar except for the 
following: There were many areas of rarefaction in the left lung field but none 
in the right lung field. The left lung field contained more minute dense dis- 
crete shadows than the right lung field. 

A large irregularly shaped mass of firm yellow nodules was found on the 
cephalic surface of the membranous portion of the diaphragm. The lungs 
collapsed to only a limited degree when the chest was opened. The right lung 
was slightly larger than the left lung. Both contained multiple areas of gray 
and yellow consolidation of varied shape and size. The pulmonary paren 
chyma, adjoining these areas of disease, was emphysematous. There were 
tubercles in the appendix and caecum and in both kidneys. 

The sections showed that most of the left lung was replaced by cavities and 
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areas of caseation and fibrosis and that the right lung was studded with ir- 
regularly shaped areas of consolidation. Many of the cavities in the left lung 
had caseofibrous walls. Some of the smaller caseous foci contained minute 
calcareous deposits. The few remaining alveoli were markedly dilated. The 
pleura overlying the areas of cavitation, caseation and fibrosis was thick and 
fibrous. Most of the areas of consolidation in the right lung consisted of vast 
collections of pale mononuclear leucocytes, fibroblasts and lymphocytes. 
A few were essentially fibrocaseous. Some of the fibfocaseous lesions in the 
apical portion of the right lung contained minute calcareous deposits. The 
alveoli adjoining many of the lesions contained variable numbers of pale 
mononuclear leucocytes and small amounts of serous exudate. 

(The roentgenological and pathological findings in rabbit No. 113 are il- 
lustrated in plate 6.) 


The necropsy findings in the 3 rabbits which, like the animal described 
in the preceding protocol, were allowed to die, were as follows: All had 
pleural lesions. Two animals had extensive ulcerative pulmonary 
tuberculosis. There were large cavities in both the left and the right 
lungs of these animals. The intestines and the kidneys contained tuber- 
cles. One of the 3 rabbits (No. 405) had generalized miliary tuberculosis. 
The left lung of this animal contained, in addition to the miliary tuber- 
cles, a few small fibrocaseous lesions. The paratracheal and tracheo- 
bronchial lymph nodes of this animal were unusually large and caseous. 
They contained a few minute calcareous deposits. 

A study of the necropsy findings in rabbits killed at selected periods 
and in rabbits which were allowed to die indicates that the steps in the 
evolution of primary pulmonary tuberculosis induced by 1.0 mg. of bovine 
tubercle bacilli are as follows: The early lesions consist of pneumonic 
patches studded with minute necrotic foci. These lesions progress, 
becoming within a month massive areas of consolidation containing 
many small and some large caseous foci. Then the lesions retrogress, 
leaving in the left lung numerous fibrocaseous foci containing minute 
calcareous deposits, and, as a rule, one or more cavities. Sooner or later 
new areas of tuberculous pneumonia begin to appear in one or both 
lungs. These rapidly undergo caseation. Tubercles appear in the 
intestines and the kidneys. The picture of the rabbits in the terminal 
stages is similar to that of phthisis florida in man. 


SUMMARY AND DISCUSSION 


Serial chest roentgenograms of the rabbits which were injected intra- 
tracheally with 0.1 mg. of bovine tubercle bacilli almost invariably 
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revealed abnormal shadows which increased in size up to the second 
month, then decreased in size and frequently disappeared, only to reap- 
pear after the lapse of several months and become progressively larger 
and more numerous. Comparison of the roentgenological and patho- 
logical findings disclosed the following points: The first abnormal shad- 
ows, which appeared, as a rule, about the twentieth day, were cast by 
isolated and conglomerate tubercles. The lungs of all of the rabbits 
killed when the early abnormal shadows had attained maximum propor- 
tions contained extensive areas of tuberculous pneumonia. As the 
abnormal shadows receded, the lesions underwent resolution. The lungs 
of animals killed when the chest roentgenograms failed to reveal abnormal 
shadows almost invariably disclosed only a few tubercles and one or two 
minute fibrocaseous foci. These lesions, situated, as a rule, in the 
apical portion of the left lower lobe, frequently involved the wall of the 
main bronchus of the left lower lobe. A cluster of small cavities was 
found in the left lung of only one of 7 rabbits killed at this stage. With 
two exceptions, the other organs of animals killed when the chest roent- 
genograms failed to disclose abnormal shadows contained no lesions. 
The lesions in the lungs of rabbits killed a few hours after abnormal 
shadows began to reappear consisted of isolated tubercles, vast collec- 
tions of pale mononuclear leucocytes and scattered fibrocaseous foci. 
Areas of acute inflammation were but rarely encountered. The kidneys 
of the 3 rabbits killed at this stage, and the appendix of 2, contained 
tubercles. The rabbits in which the course of the disease was not 
interrupted invariably died with wide-spread tuberculosis a few weeks 
after abnormal shadows began to reappear. The lungs of the animals 
which were allowed to die contained many tubercles, multiple fibro- 
caseous lesions and extensive areas of tuberculous pneumonia. There 
were cavities in the left lung of approximately half of the animals which 
died. The right lung of 5 of the 7 rabbits in which the course of the 
disease was not interrupted contained one or more large cavities. The 
kidneys of all 7 rabbits, and the appendix of 6, contained tubercles. 
The roentgenological and pathological findings in the rabbits injected 
intratracheally with 0.5 mg. of bovine tubercle bacilli were similar to 
those in the rabbits injected with 0.1 mg. of bacilli, except in that the 
original shadows failed, in a few instances, to disappear and the initial 
lesions did not undergo as marked resolution. The 6 rabbits in which 
the course of the disease was not interrupted died of wide-spread tubercu- 
losis. There were cavities in the left lung of 3 animals and in the right 
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lung of 2 animals. The kidneys and the intestines of each animal which 
died contained tubercles. 

The roentgenological findings in the rabbits injected intratracheally 
with 1.0 mg. of bovine tubercle bacilli differed from those of the rabbits 
injected with smaller doses of comparable microérganisms in the follow- 
ing respects: (1) Abnormal shadows were usually detected at an earlier 
date. (2) The shadows in roentgenograms taken during the second 
month were invariably larger than the shadows in corresponding roent- 
genograms of the above described animals. (3) They failed to disappear 
in most cases. (4) Signs of cavitation were noted in a few instances. 
(5) New abnormal shadows frequently began to appear at an earlier 
date. (6) These shadows invariably increased in size and number more 
rapidly than the corresponding shadows in roentgenograms of rabbits 
injected with smaller doses of similar microdrganisms. Necropsy 
examination of the rabbits which were killed during the first and second 
months disclosed extensive areas of consolidation containing many small 
and some large caseous foci. The lungs of animals killed shortly before 
new abnormal shadows began to appear contained, as a rule, numerous 
fibrocaseous lesions of varied size and shape and, in addition, one or more 
cavities. Most of the rabbits in which the course of the disease was 
not interrupted died with extensive ulcerative pulmonary tuberculosis. 
All had, in addition, tuberculous foci in the intestines and the kidneys. 

This study demonstrates two points in striking manner. The first is 
the rdle of the number of invading microérganisms in the pathogenesis 
of primary experimental pulmonary tuberculosis. The second bears a 
deeper significance, but is imperfectly understood. It has been shown 
that large areas of tuberculous pneumonia, produced by pathogenic 
microérganisms, resolve leaving only minute residual foci and that 
these minute foci give rise, after latent periods of variable length, to 
progressive pulmonary tuberculosis. We are unable, at the present time, 
to present data concerning the factor or factors which govern the trans- 
formation of essentially retrogressive disease into rapidly progressive 
disease. It may be due to a change in the virulence of the tubercle bacilli 
in the residual foci, in the resistance of the host or in some other factor 
or combination of factors. The following evidence indicates that the 
lesions which develop after the disease has been quiescent for weeks or 
months are bronchogenic in origin: The new lesions appear suddenly 
in one or the other lung or in both lungs simultaneously. They vary 
markedly in size and shape. Examination of the left lung of rabbits 
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injected with small quantities of bacilli and killed when the pulmonary 
disease has receded frequently discloses minute areas of tuberculous 
ulceration in the walls of bronchi adjoining the residual foci or small 
pulmonary cavities. There are, as a rule, cavities in the left lung of 
animals injected with larger quantities of bacilli and killed when progres- 
sive disease develops. The paratracheal and tracheobronchial lymph 
nodes of animals killed at these periods usually contain only isolated 
clumps of large pale mononuclear leucocytes. Tuberculous lesions are 
rarely found in the kidneys and intestinal tract of rabbits killed prior 
to the onset of progressive pulmonary tuberculosis. The kidneys of 
some rabbits killed soon after progressive pulmonary disease develops 
appear to contain no tubercles. The kidneys of other animals killed 
at this time contain only solitary tubercles of varied size. 

Thomas (1932) is the only investigator, as far as we can ascertain, who 
has directed attention to this “diphasic’’ nature of experimental tubercu- 
losis in rabbits. He noted, in a survey of several groups of rabbits 
which Sabin and Doan had injected intravenously with various doses 
of bovine tubercle bacilli, that, while many of the rabbits in some groups 
died of tuberculosis at the end of the first month, a few survived, only to 
die of wide-spread tuberculosis about the fifth month. He stated, in 
explanation of this phenomenon, that he considers the distribution of 
mortality reflects the distribution of the resistance of the rabbits to 
tuberculosis. 

In conclusion, this study has given us a clearer conception of the patho- 
genesis of primary pulmonary tuberculosis in that it has demonstrated 
in striking manner the effects of dosage, it has shown that large areas 
of tuberculous pneumonia may undergo a remarkable degree of resolu- 
tion, and it has demonstrated that exceedingly minute residual foci can, 
under certain circumstances, give rise to rapidly progressive pulmonary 
tuberculosis. 
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PLATE 1 
Rabbit 350 


. Posteroanterior film before injection. 
No abnormal shadows. 

. Posteroanterior film at twenty-seven 
days. Large shadows with poorly de- 
fined margins left lung field. 

. Posteroanterior film at twenty-five 
weeks and two days. No abnormal 
shadows. 


B. 


D. 


F. 


Posteroanterior film at thirteen days. 
Faint homogeneous shadows with in- 
definite margins left lung field. 

Posteroanterior film at eleven weeks 
and six days. No abnormal shadows. 
Posteroanterior film at thirty-eight 
weeks and six days. Dense shadow in 


upper right lung field and faint shadow 
in lower left lung field. 
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PLATE 2 
Rabbit 350 


A. Posteroanterior film taken approxi- 


mately one hour before rabbit died at 
one year, five weeks and two days. 
Small scattered homogeneous shadows 
with indefinite margins, right lung field; 
diffuse shadow of varied opacity, left 
lung field. 


’. Photograph of section of lungs. Scat- 


tered tubercles; some fibrocaseous le- 
sions and many irregularly shaped areas 
of tuberculous pneumonia. 


. Photomicrograph of midportion of right 
lung. Thick interalveolar septa and 
vast collections of mononuclear and 
polymorphynuclear leucocytes. 150 


B. Film of excised lungs. Extensive shad 


ows, with and without clearly defined 
margins, both lung fields. Left lung 
field smaller than right lung field. 


. Photomicrograph of small cavity with 


necrotic inner wall in right upper lobe. 
x45 


*, Photomicrograph of lower portion of 


left lower lobe. Serocellular exudate 
in alveoli adjoining large caseous focus. 
150 
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A. 


2. Photograph of section of lungs. 


HUGH E. BURKE 


PLATE 3 


Rabbits 446 & 469 


film at twenty-three 
with indefinite 


Posteroanterior 
days. Faint shadows 
margins left lung field. 
Film of excised lungs. Mottled shad- 
ows, left lung field; ovoid densities adia- 


cent to outline of trachea. 
Left 


lung, discrete and confluent tubercles 


some of which contain minute caseous 


foci. Large paratracheal lymph node. 


B. 


. Film 


Posteroanterior film at four weeks and 
five days. Faint shadows with poorly 
defined borders left lung field. 

of excised lungs. Dense con- 
glomerate shadows, left lung field; 
irregularly shaped shadows adjacent to 
outline of trachea and left main bron 
chus. 

Photograph of section of left lung. 


‘ Numerous irregularly shaped areas of 


tuberculous pneumonia containing min- 
ute necrotic and caseous foci. 
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PLATE 4 


Rabbit 470 


A. Posteroanterior film at nineteen days. 


Faint homogeneous shadows with poorly 
defined margins left lung field. 
Posteroanterior film at eight weeks and 
five days. No abnormal shadows. 

. Photograph of section of lungs. Cluster 
of minute fibrocaseous lesions proximate 
to main bronchus of left lower lobe. 


B. 


Posteroanterior film at three weeks and 
five days. Large shadow with poorly 
defined margins left lung field. 


. Film of excised lungs. Few minute 


shadows in midportion left lung field. 
Photomicrograph of portion of left lung 
near main bronchus lower lobe. Wall 


of bronchus adjoining a fibrocaseous 
lesion infiltrated with leucocytes. 


X 150 
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PLATE 5 
Rabbit 398 


A. 


Posteroanterior film at five weeks and 
Poorly defined shadow left 


five days. 
lung field. 
Posteroanterior film at forty-five weeks 
and two days. Scattered faint homo- 
geneous shadows with indefinite margins 
left lung field. 


). Photograph of section of lungs and 


portions of right middle and left lower 
lobes. Lesions predominantly sharply 
defined areas of gray and yellow con- 
solidation. One lesion, in right middle 
lobe, red to gray in color. Pulmonary 
tissue adjoining this lesion natural in 
appearance. 


B. 


D. 


Posteroanterior film at seventeen weeks. 
No abnormal shadows. 

Film of excised lungs at forty-five weeks 
and two days. Scattered homogeneous 
and mottled shadows, left lung field; 
crescentic shadow, right lung. field; 
ovoid densities proximate to outline of 
trachea. 

Photomicrograph of intimal tubercle in 
vessel in right lung. 150 
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PLATE 6 
Rabbit 113 


A. Posteroanterior film at seventeen days. B. Posteroanterior film at ten weeks and 


Large abnormal shadow with poorly 
defined margins left lung field. 
Posteroanterior film at twenty-three 
weeks and one day. Extensive shad- 
ows containing multiple areas of rarefac- 
tion left lung field. 

. Film of excised lungs at thirty-three 
weeks and two days. Abnormal shad- 
ows throughout both lung fields. Areas 
of rarefaction, indicative of cavitation, 
and dense discrete shadows, suggestive 
of calcification, left lung field. 


. Posteroanterior film at 


four days. Extensive shadows showing 
indefinite areas of rarefaction left lung 
field. 

thirty-three 
Extensive shad- 
Signs of cavita- 


weeks and two days. 
ows both lung fields. 
tion indefinite. 

Photograph of section of lungs. Left 
lung replaced by cavities and areas of 
caseation and fibrosis. Right lung 


studded with collections of mononuclear 


leucocytes and fibrocaseous foci. 
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THE URINARY IODINE IN PULMONARY TUBERCULOSIS::::' 


KARL P. KLASSEN, GEORGE M. CURTIS anp REGINALD A. HANCOCK 


Frank hyperthyroidism may occur in patients with active pulmonary 
tuberculosis (1, 2, 3), although this is considered rare by some clinicians 
(4, 5,6). In pulmonary tuberculosis, particularly in its incipient stage, 
there may be symptoms which strongly resemble those of hyperthy- 
roidism. The more apparent of these are loss of weight, tachycardia, 
prominence of the eyes, slight enlargement of the thyroid gland, excessive 
perspiration and nervousness. With the progression of pulmonary tuber- 
culosis this clinical resemblance to hyperthyroidism becomes less evi- 
dent and may even disappear completely. 

Fishberg (7) even suggests that there may be a transitory hyperthy- 
roidism in incipient pulmonary tuberculosis, brought about by stimula- 
tion of the thyroid gland. In experimental tuberculosis thyroid hyper- 
function (8, 9) and hypertrophy (10) have been demonstrated. 

Reports on studies of the basal metabolic rate in patients with active 
pulmonary tuberculosis are not in agreement. However, the majority 
of investigators (11, 12, 13, 14) report a normal rate in this disease. 

Coulaud (15), as well as Rose and Hopkins (3), examined the thyroid 
glands of patients who had died of pulmonary tuberculosis. They were 
unable to find histological evidence of hyperthyroidism in this material. 
Analysis of such glands has demonstrated an increased iodine content 
as compared with normal thyroid tissue (16), this being particularly true 
in cases with rapidly progressive tuberculosis (17). 

During the past decade the determination of the blood iodine has 
become of clinical value in the differential diagnosis of hyperthyroidism. 
The majority of patients with untreated hyperthyroidism present an 
increased blood iodine (18). No such elevation was found in patients 
with active tuberculosis by Anthes (19) or by Veil and Sturm (20). 

1 From the Department of Research Surgery of the Ohio State University, Columbus, 
Ohio, and the Licking County Sanatorium, Newark, Ohio. 

2 This investigation was aided by a grant from the Comly Fund for Research, of the Ohio 
State University. 

3 We are indebted to Dr. James F. Busby for his coéperation in making this investigation 


possible. 
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The results of previous studies from this clinic suggest that the urinary 
excretion of iodine is of similar significance in disturbances of thyroid 
function as is the urinary calcium in parathyroid disease. With a con- 
stant, low iodine intake the daily urinary iodine excretion in normal indi- 
viduals remains relatively constant (21, 22). In hyperthyroidism, how- 
ever, there is an increased urinary loss of iodine in the majority of 
patients investigated (22, 23). 

The purpose of this paper is to report the nie of an investigation of 
the urinary excretion of iodine in 15 patients with active pulmonary 
tuberculosis. 


METHODS 


The investigation was done during the month of August. The pa- 
tients selected had pulmonary tuberculosis in various stages, from mini- 
mal to far advanced lesions. All were adults. They were as a rule 
afebrile, with occasional slight rises in temperature. The maximum 
temperature elevation was to 99.8°F. To facilitate accurate collection 
of the twenty-four-hour urine specimens, only male patients were studied. 
The daily (twenty-four-hour) volume was carefully measured and a 
200 cc. sample of the pooled urine was used for making the analyses. 
Collection of the specimens was carefully supervised. 

The usual sanatorium diet was maintained. This, with the exception 
of the milk, was shown to have a low iodine content. During, and also 
ten days prior to this investigation, seafood and all other foods known 
to have a high iodine content were excluded from the diet. Three com- 
plete daily food samples, as served to the patients, were analyzed for 
iodine content by the combined method of von Kolnitz-Remington (24) 
and Matthews (25). The iodine content of the milk and urine was deter- 
mined by the method of Matthews (25). 


OBSERVATIONS 


The average daily intake of iodine of the 15 patients during the 
nine to eleven days of investigation was 225 micrograms (table 1). The 
lowest intake, 157 micrograms, was by a patient with a far advanced 
pulmonary lesion, while the highest, 281 micrograms, was by a patient 
with a minimal lesion. This wide variation depended to a great extent 
upon the amount of milk ingested. 

The iodine content of three complete daily food samples, excluding the 
milk, was 64, 55 and 52 micrograms, averaging 57 micrograms. The 
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iodine concentration of the milk used at the sanatorium, as determined by 
the analysis of two samples, was 16.8 micrograms per cent. This is high, 
as compared with the usual iodine concentration of milk in this region. 
In dairies not supplying supplemental iodine in the feed it averages 3.0 
micrograms per cent. This figure is based on the analysis of milk 


TABLE 1 
Daily urinary excretion of iodine in fifteen patients with pulmonary tuberculosis 


PULMONARY LESION 


HOUR URINARY VOLUME 
DAILY URINARY IODINE 


EXCRETION 


HOUR URINARY IODINE 


OF IODINE 


TRATION 
LOW AND HIGH LIMITS OF 


| DAYS OF INVESTIGATION 
AVERAGE TWENTY-FOUR 
AVERAGE IODINE CONCEN- 
AVERAGE TWENTY-FOUR 
AVERAGE DAILY INTAKE 


| PATIENT NUMBER 


54- 96 
71-108 
77-105 
58-122 
59-133 
58-167 
68-144 
71-123 
73-125 
95-131 
103-156 
88-166 
100-150 
79-178 
87-178 


# 2408 Far advanced 

#2799 Far advanced 

# 2399 Moderately advanced 

# 2826 Far advanced 

# 2564 Far advanced 

# 2535 Moderately advanced 

# 2830 Minimal : 

# 2409 Far advanced 

#2754 Far advanced 

# 2400 Moderately advanced 

# 2839 Moderately advanced 
. #2796 Minimal 

# 2407 Moderately advanced 
#2373 Moderately advanced 
D. #2372 Moderately advanced 


CA UTE Uw 


BI 


WD 


H. S. 
U.A. 
T.N. 
D.C. 
F.S. 
A.R. 
H. D. 
D. S. 
H. R. 
D. O. 
D. H. 
Ww. W 
A. S. 


B 


Grand average .... 


Total number of days of investigation 


Low and high limits of daily iodine excretion in the urine 


* A microgram is 0.001 mg. and is commonly known as a gamma. 


obtained from fifty-five dairies of this region (26). As some of the 
patients drank as much as 1,400 cc. of this high iodine-containing milk 
per day, their iodine intake became relatively high. 

The grand average iodine concentration of the urine from all patients 
was 6.2 micrograms percent. It varied considerably. The highest con- 


PATIENT AGE | 
ce. mcg. mcg. 
11 |1,742 71 | 157 
9 |2,122 79 | 249 
10 |1,639 82 | 249 
9 721\1 84 | 185 
10 |1,222 90 | 217 
10 |1,676 94 | 249 
11 |2,244 101 | 185 
10 1,50 107 | 195 
10 |1,446 113 | 201 
10 10 |1,729 114 | 246 
11 10 |2,760 127 | 249 
12 10 |2,495 127 | 281 
13 10 |2,796 129 | 185 
14 10 |1,914 132 | 281 
is; 10 |1,489 134 | 249 
eee 34.4 10 {1,833 105 | 225 
........../1590 
.........| 54-178/71-134 
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centration was found in D.C. (no. 4, table 1). In this patient the average 
urinary volume was only 721 cc. per day, while the urinary iodine con- 
centration was increased to 11.6 micrograms per cent. The lowest 
urinary iodine concentration was found in U.A. (no. 2, table 1). It was 
3.7 micrograms per cent with a daily urinary volume of 2,122 cc. There 
appears to be an inverse relationship between aa urinary volume and 
the iodine concentration. 

The daily urinary excretion of iodine in these patients fluctuated from 
54 to 178 micrograms, with averages ranging from 71 to 134 micrograms. 
The grand average was 105 micrograms. Lower values were found in 
patients with advanced pulmonary lesions; however, in these there was 
a lower iodine intake (table 1). 

The extent of the pulmonary lesions as such did not appear to influence 
the urinary excretion of iodine. The iodine excretion in the 2 patients 
with the minimal lesions was similar to that of those with moderate and 
far advanced lesions. 


DISCUSSION 


In a previous publication (21) it was reported that the normal urinary 
excretion of iodine of our University Hospital patients on a low iodine 
intake averaged 51 micrograms per cent. However, the actual iodine 
content of the food intake of these patients was not determined. In 3 
normal individuals on whom complete iodine balance studies were made, 
the intake of iodine in the food was determined (27). With an average 
intake of 29 micrograms, the daily urinary excretion was 50 micrograms. 

Forty patients with hyperthyroidism were investigated and of these 
77 per cent presented an elevated urinary excretion of iodine (23). On 
a low iodine intake the average was 184 micrograms per day. In the 
patients with exophthalmic goitre the average daily urinary loss of iodine 
was 147 micrograms, while in those with toxic nodular goitre it was 214 
micrograms. Thus, in the patients with hyperthyroidism the average 
daily urinary iodine excretion was more than three times that of the 
patients without thyroid disease, while on the same low iodine intake (27). 

The quantity of ingested iodine is one of the several factors which deter- 
mines the elimination of iodine by the kidneys. An increased intake of 
iodine, in the form of high-iodine-containing foods or as inorganic or 
organic iodine compounds, increases the urinary excretion of iodine 
(28, 29, 30). A normal individual, J. R. (27), was given milk with an 
increased iodine content over a period of six days. With an average 
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daily intake of iodine of 551 micrograms the urinary excretion was 
elevated to 391 micrograms as compared with 50 micrograms while on a 
low iodine diet. 

The urinary loss of iodine of our 15 patients with tuberculosis, averag- 
ing 105 micrograms per day, was twice that of the hospital patients with- 
out thyroid disease previously reported (21). However, it was definitely 
lower than in the patients with hyperthyroidism, in spite of a lower intake 
of iodine by the latter group. 

Our finding of a normal excretion of iodine in the urine in these patients 
suggests that there is no hyperfunction of the thyroid gland in active, 
afebrile pulmonary tuberculosis. However, the excretion of iodine in 
the faeces and sweat was not determined. Both, and particularly the 
faecal iodine, are increased in patients with exophthalmic goitre (18, 27). 
Complete balance studies are consequently necessary in order to demon- 
strate any lesser disturbance of the iodine metabolism in patients with 
pulmonary tuberculosis. Such studies, moreover, would indicate more 
accurately the function of the thyroid gland in this disease. 


SUMMARY 


One hundred and fifty twenty-four-hour urinary iodine determinations 
were made on 15 patients with active pulmonary tuberculosis. These 
were maintained on an increased average iodine intake of 225 micrograms 
per day. The urinary iodine excretion varied from 54 to 178 micro- 
grams per twenty-four-hour period, with averages of from 71 to 134 
micrograms. The grand average was 105 micrograms. 

No direct relation was observed between the urinary excretion of iodine 
and the extent of the pulmonary lesion. 

y The urinary excretion of iodine would appear to be normal in patients 
with active pulmonary tuberculosis. 
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EPIDEMIOLOGICAL TRENDS OF TUBERCULOSIS: 2 


MAX PINNER 


Tuberculosis has been a disease of major importance for several mil- 
lennia; during this time many of its significant aspects have radically 
changed. These two statements are truisms, well known to all who are 
scientifically interested in the disease. But it seems questionable whether 
the full significance of these truisms is realized, whether the exact na- 
ture of the changes that have occurred in the disease is clearly visu- 
alized and whether the practical lessons to be learned from all this have 
been lucidly stated for their pragmatic utilization. 

The epidemiological development of tuberculosis has its own imminent 
time system; tuberculosis in this sense is young when it makes its first 
encounter with a population, it matures when its contact has become 
fairly universal for a few generations and it is old when the population as 
a whole has become sufficiently resistant to its ravages that the death 
rate falls rapidly. 

It is fortunate that we do not have to depend on the dim past of two 
or three thousand years ago to study the childhood of tuberculosis. The 
cycle of aging occurs simultaneously in many of its phases, so that within 
our own time we can observe tuberculosis in all its major phases from 
youth to senescence. 

Realizing the wealth of material, on one side, and the limitation of 
space for this presentation, on the other side, I shall try to picture 
essentially three basic milestones of the development: earliest childhood, 
maturity and senescence, as represented by the early invasion by tuber- 
culosis of certain African tribes and a group of American Indians, the 
American Negro of our times and our own white population, leaving a 
broad, suggestive scope to interpolation. 

Wherever tuberculosis strikes first, it is in primitive societies. ‘‘Prim- 
itive” as used here implies no judgment of cultural attainments, nor: the 
absence of a high development of a collective life pattern, but simply two 

1 From the Montefiore Hospital for Chronic Diseases, New York City. 

2 Read at the annual meeting of the California State Tuberculosis Association, Santa 
Barbara, California, April 12, 1940. 
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facts: a society previously not or hardly in contact with the occidental 
civilization and a society that for a long period has lived in essentially 
unchanged, settled conditions, a society that by the very absence of 
fundamental changes, presents the appearance of a population without 
history in the common sense of the word. 

By definition, and clearly borne out by factual knowledge, tuberculosis 
never comes alone to an untouched population; it always comes accom- 
panied by and rather through agents of occidental civilization. It is, 
therefore, always associated with more or less profound changes and dis- 
turbances of tribal life: commercial activities and barter trade, warfare 
against or for the invading power, industrialization either in the locality 
or through laborers hired by distant concerns, etc. It will be shown how 
these factors, accidental to the advent of tuberculosis, play a most sig- 
nificant réle in shaping the epidemic features. 

Naturally, medical observations at the very incipiency of this develop- 
ment are few. Tuberculosis surveys done under the auspices of Calmette 
(1) before the last World War in various French colonies in Africa showed 
a low incidence of tuberculin reactors, in many localities below 10 or 
even 5 per cent of the population tested. Some observers state that in 
these tribes occasional cases of acute and rapidly fatal tuberculosis were 
seen. However, it is just as important to stress that every author saw 
healthy reactors, as is the observation of a malignant type of tuberculosis. 

A tuberculosis epidemic in its embryonic form is described by Kahn (2). 
He tuberculin-tested 765 Bush Negroes in the jungles of Dutch Guiana. 
This tribe that revolted against slavery in 1760 has lived ever since in 
practical isolation. Of the 765 tested, only 18, or 2.4 per cent, reacted 
positively and they all belonged to one family in one village. Only one 
man of this family group had had a significant outside contact, having 
lived for two years in a trading post. He had returned only five months 
before; he coughed, spat blood and had a positive sputum. The other 17 
family members did not present any evidence of disease. 

However, these are just occasional observations without complete 
epidemiological data. A more complete picture is presented by some of 
the studies on French colonial troops during the last war. Here, large 
bodies of men were transferred under conditions of crowding to an 
unaccustomed climate, fed strange food, faced with the arduous life of 
military service and trench life and confronted with tuberculosis. Borrel 
(3) states that on arrival a certain portion of the Senegalese were tuber- 
culin-tested, and only 4 to 5 per cent reacted. The more important part 
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of Borrel’s work deals with the same men at a later date, when he ob- 
served them as tuberculous patients and finally on the autopsy table. 
Piecing together his many observations and those of a number of other 
authors (4) we visualize the type of tuberculosis known as the Borrel type. 
Following a certain period without evident clinical symptoms, during 
which swellings of supraclavicular and tracheobronchial lymph nodes can 
be observed (the latent or larval or lymphatic phase), the disease develops 
rapidly to produce profound toxaemia with high fever, weakness and 
evidence of multiple organ involvement, which in 70 per cent of the 
afflicted lead to death with bacillaemia. At autopsy this tuberculosis 
shows little resemblance to the forms seen in our country. Diffuse 
caseation of multiple groups of lymph nodes is domindnt in 70 to 90 per 
cent of the cases. One-fourth of the patients died of generalized miliary 
tuberculosis and, in a large proportion of the remainder, diffuse caseous 


TABLE 1 
Incidence of tuberculous disease among French troops in the Rhineland 
Calculated as yearly incidence per 1,000 men 


PER CENT HAVING 
POSITIVE SPUTUM 


Europeans 9.55 22 
Moroccans : 11.73 26 
13.33 20 
15.31 27 
82.32 11 


foci were present. Only about 5 per cent showed chronic pulmonary 
tuberculosis of the type usually seen in white adults. In brief, here is a 
a form of the disease, characterized clinically by the predominance of 
systemic over local symptoms, by the rapidity of its course and its high 
fatality. Pathologically the characteristics are generalization, diffuse 
caseation and the absence of reparative processes. 

Epidemiologically, the disease has a high incidence rate (table 1) as 
compared to other racial groups under identical conditions of war life. 
After three to four years’ service the death rate is quoted at 1.6 per cent 
or 1,600 per 100,000, but this must be considered a minimal figure, since 
additional men died undoubtedly following their repatriation. The 
relatively low percentage of Senegalese having positive sputum is clearly 
one indication of how the systemic features predominate over the local 
effect of the disease. 
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Again, however, it must be emphasized that the majority of Senegalese 
neither acquired nor died of tuberculous disease. Although data on the 
incidence of tuberculin reactors among the repatriated troops are not 
available, it seems safe to assume that many healthy reactors returned to 
Africa, proving their resistance to tuberculous infection. 


In a somewhat later stage, that of practically universal infection, tuber- 
culosis is described by Ferguson (5) in Indians of the Canadian plains. 
Ferguson reports that between the late 50s and the early 80s only sporadic 
cases of tuberculosis occurred among these Indians. Between 1884 and 
1890 the epidemic reached its height around the Qu’Apelle Valley and a 
decennium later in Alberta among the Blackfeet Indians. During this 
time, lymph node disease was so common that one out of three Indians 
is reported to have had visible lymph node swelling, and, by the time 
accurate records were kept, in 1906 about 20 per cent of the school 
children in Qu’Apelle were operated upon for tuberculous nodes. In 
the earlier phase of the epidemic, many patients died of acute generalized 
tuberculosis, the total duration of their disease being a few weeks to a few 
months. In adults, acute pulmonary and meningeal tuberculosis ex- 
acted a high toll, although a considerable number survived after passing 
through a chronic phase. It is very significant that in the third decade 
of the epidemic the peak of the mortality shifted from children below five 
years of age to late childhood. The incidence of reactors is high: in 
children on admission to school over 60 per cent, in children of eleven 
years or older it was 96 per cent. The tuberculosis death rate rose from 
1,000 in 1881 to 9,000 in 1886 falling (more rapidly than reported in any 
other community) to 2,000 in 1901, to 1,000 in 1907, and following the 
establishment of antituberculosis work in 1930, it reached 270 in 1931- 
1932. 

This must be understood against the background of a profound up- 
heavel in the pattern of life of these Canadian Indians. These nomadic, 
buffalo-hunting tribes were in 1881 settled in reservations and their 
children were crowded into boarding schools with little regard for hygienic 
necessities, factors of greatest importance in this epidemiological tragedy. 

Similar acute tuberculosis epidemics occurred elsewhere; Bushnell (6) 
reported, for example, that the tuberculosis death rate of the Apache 
Indians imprisoned in Mt. Vernon in 1887 reached 14,283. 

In more recent times, the American Indian shows more frequently 
chronic pulmonary tuberculosis, much of the type customarily seen in 
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whites; but relatively acute forms with massive lymph node involvement 
still form a significant percentage. According to nation-wide statistics 
in 1925 (Burns (7)) the tuberculosis death rate of Indians varied in the 
in the different states between 220 and 1,510. Ferguson found in 1933 
practically no lymph node involvement in the Indians of the plains. 


The most complete epidemiological studies of tuberculosis in a rel- 
atively primitive society were made on the South African tribes that 
provide the laborers for the mining industry in South Africa (9). The 
mine workers are recruited from various tribes, Bantus, Kaffirs, East 


and West Coast Negroes, etc. 
In their native villages, life is leisurely and the tribal customs make 


for an atomistic division of small family groups in kraals, unquestionably 


TABLE 2 
Percentage of tuberculin reactors in native villages 


AGE GROUP NUMBER TESTED POSITIVE REACTORS 


per cent 


0-5 165 36.9 
486 59.8 
10-15 610 71.6 
15-20 270 81.0 
20-25 85 93.0 

25 and over 657 90.0 


All surveys, all ages 6,508 66.0 


an efficient barrier to unlimited spread of infection. Allen (8) made a 
study in these native villages, testing natives with intracutaneous tuber- 
culin injections. Table 2 shows the results. This proves that the mine 
workers are derived from thoroughly tubercularized stock. This con- 
clusion is confirmed by Cummins’ (9, 10) findings of calcareous foci in 33 
per cent of 500 roentgenograms of newly arrived mine recruits. Further- 
more, 87 pairs of lungs of workers were radiographed postmortem; in 
18 no tuberculosis was found, in the remaining 69, calcified foci were seen 
in 22 or nearly 33 per cent. In another group of 35 cases of tuberculosis, 
uncomplicated by silicosis, 19 had calcified foci (9). According to phy- 
sicians who have worked in these regions, tuberculosis existed here since 
the first half of the 19th century. On the basis of tuberculin tests made 
on mine recruits on arrival to the mines, about 90 per cent are infected. 


— 
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In these studies it was found that in a large percentage of the miners 
allergy was of a particularly high order. Cummins (10) states that nearly 
50 per cent of those tested with 0.1 cc. of a dilution of 1 to 10 million re- 
acted to this minimal dose, while of patients in Wales, tested in the same 
way, only 3 per cent reacted. This relatively high allergy is unquestion- 
ably an important feature in “young tuberculosis,” well known, though 
to a lesser degree, in the American Negro. The real significance is not 
completely understood. It is obviously associated with the tendency to 
fulminating, rapidly caseating lesions and with toxaemic symptoms. 
Which is cause and which is effect remains undertermined. Allergy was 
then correlated with the incidence of later disease as shown in table 3. 
From this table the conclusion was drawn that reactors are more suscep- 


TABLE 3 
Relation of tuberculin reaction to clinical disease in native mine workers 
1:100,000 1:1 million 
20,810 6,503 


Positive per cent 55 48.6 
Total cases of tuberculosis 11 


Cases in positive reactors 
Cases in negative reactors 
Cases in P P* reactors 
Cases in Pf reactors 


* Strong reactions. 
Slight reactions. 


tible to disease, a conclusion that fits badly into our knowledge derived 
from other epidemiological observations and from experimental work. 
One wonders whether a more plausible explanation might not assume that 
the higher incidence of disease in reactors is due to the fact that many 
reactors have probably already at the time of the test active lymph node 
disease; this might at the same time account in part for the unusually 
high allergy. Such an assumption is further supported by the fact that 
of some 170,000 recruits examined on arrival, more than 400 were rejected 
on account of tuberculosis and another 1,800 for “defective lungs.” 
Furthermore, at autopsy of new arrivals who died within a few days, 
about 8 per cent showed tuberculosis lesions. It may, then, be assumed 
that an undetermined, though significant percentage of reactors start 
mine work with unrecognized tuberculous disease. 
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The actual incidence rate of tuberculous disease is difficult and uncer- 
tain to calculate, particularly since the annual labor turnover is nearly 
100 percent. The 1932 report of the South African Institute for Medical 
Research (9) states that the annual incidence rate per 1,000 men was 
about 7, or about twice as high as among white miners. The greatest 
case rate occurs during the first working year and rises sharply again 
after five years of work in the mines. About 70 per cent of miners who 
develop tuberculosis die of it. One-sixth, by the time the diagnosis is 
made, are too ill to be repatriated. They die of acute forms of the disease 
in mine hospitals with an average survival time of only four weeks. The 
clinical course in the native miners, dying on the Rand, is similar to the 
features mentioned previously in African soldiers in the French Army and 
in Canadian Indians: acuity, fever, toxaemic symptoms dominate the 


TABLE 4 
Autopsy findings in 600 cases of tuberculosis in native mine workers 


Tuberculosis, but not cause of death 
Chronic tuberculosis with silicosis 
Acute tuberculosis 
Mainly extrathoracic 
Mainly thoracic 
Lesions in lungs: 
Acute caseation 
Acute caseation with excavation 
Miliary only 
No tuberculosis in lungs 


picture and the localizing symptoms, such as we see them in our patients, 
are overshadowed by the former. However, massive lymph node in- 
volvement is rarer in them than in the Senegalese soldiers or in the Ca- 
nadian Indians of last century. 

We shall come back presently to the fate of the repatriated patients. 

Table 4 shows that of a total of 600 dead with tuberculosis, tuber- 
culosis was the cause of death in 90 per cent. Of these 532, 63 per cent 
died of acute tuberculosis. It is most important to point out that chronic 
tuberculosis occurred only in those boys in whom tuberculosis was com- 
plicated by silicosis, indicating that chronic forms developed only in 
those who had worked several years, that is, in workers who had proved 
by the length of their service that they had a considerable resistance to 
tuberculosis. Whether silicosis modifies tuberculosis towards a more 
chronic course remains an open question. 
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Since localization of lesions is undoubtedly one of the most important 
criteria of resistance, and conversely, dissemination evidence of lack of 
resistance, it is of interest to compare the frequency of involvement of 
various organs in these native mine workers with that of other population 
groups, as shown in table 5. 

According to the criteria mentioned, the South African native shows 
the least resistance, the white, the highest. The American white makes 
a slightly better showing than the English, and the American Negro 
stands almost exactly in the middle between the South African and the 
white. (The relatively high percentage of involvement of peritoneal 
lymph nodes in the English is due to the frequency of bovine intestinal 
infection in England.) The relative degree of resistance, as indicated by 
this table, is in a perfectly parallel manner reflected in the mortality 


TABLE 5 


Percentage involvement of various organs in 338 Witwatersrand native mine workers, 
190 American Negroes, 200 English whites and 185 American whites 


LYMPH NODES 
BONES 
AND 


Tho- | Peri- JOINTS 
racic |toneal |Others 


South African na- 
34-48) 21 70 61 4 10 
American negroes. ... 40 | 17 | 29 22 14 6 
English whites 58 3 14 3 Other organs 
American whites 8 4 11 12 3 | 1 


rates of these four ethnic groups which, in its turn, is ome index of re- 
sistance. 

However, not all native mine workers are highly susceptible to tuber- 
culosis: the vast majority of them, although most of them arrive tuber- 
culin-positive, return to their kraals in good health. They have proved 
that they could successfully withstand both tuberculous infection and 
strenuous unaccustomed work, complicated for them by overcrowded 
living quarters, profound changes in diet and climate and the psycholog- 
ical burden of readjustment. A sizable percentage shows calcified 
lesions as evidence of successful healing. And even among those who 
fall prey to the disease, five-sixths are deemed not too ill for repatriation. 
Of them, according to Allen’s report (8), 60 per cent are dead at the end 
of two years, 4 per cent are fit for hard work, 26 per cent for light work 
and 10 per cent are not fit for any work. In summary, we may say that 
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of 100 boys who fall ill with tuberculosis, about one-third survives for at 
least two years and about 75 per cent of them are able to do some work. 
These are the results obtained without treatment, save for the glorious 
leisure in the native villages. Allen states that the repatriated patients 
are only in rare instances a source for spreading the disease in their 
villages, a fact that is largely explained by tribal customs and partly, we 
may assume, by the resistance of the native. Tuberculosis is not a major 
health problem in the native villages. 

European history has provided still another experiment to test the 
South African native’s resistance to tuberculosis. In the last World War, 
Englaad transported large contingents of African troops to Europe. 
Table 6, from the British official medical history of the war (11), summa- 
rizes the results of this drastic experiment. 


TABLE 6 


Annual morbidity and mortality from tuberculosis per 10,000 of average annual strength in 
different racial types of the British Expeditionary Force, France and Flanders, 1918 


CASES PER 10,000 DEATHS PER 10,000 


British and Dominion Troops 6.056 0.398 
Indian Troops 93 .464 17.249 
Indian Native Labour Corps 142.040 53.384 
South African Native Corps (Kaffirs) 290 .665 221 .923 
Cape Colony Labour Corps (Cape Boys) 444.115 103 .627 


Not only the excessive case incidence of South African men should be 
noted, but particularly the fact that of all diseased Kaffirs, only about 
one-fourth could be repatriated, whereas five-sixths of diseased miners 
were in sufficiently good condition to be sent home. In other words, the 
fatality rate from acute tuberculosis was four and a half times greater 
under war conditions than under mine conditions. If one may assume 
that, of the repatriated tuberculous soldiers, 60 per cent (as in repatriated 
tuberculous miners) die within two years, only 10 per cent of all diseased 
may be expected to have survived two years or more against 30 per cent 
of the miners. 

We have now an epidemiological picture of South African natives 
under three different living conditions: (/) in the native kraals the inci- 
dence of tuberculosis reactors is high, the incidence of disease is low and 
chronic forms are frequent; (2) in the mines with high disease incidence, 
acute forms predominate, but chronic disease occurs in about 33 per cent 
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of the cases; (3) in war service with presumably an equally high incidence 
of reactors, the vast majority of all cases die of acute disease and only 
about 10 per cent probably survive two years or more. 

The observer who would limit his observations only to one of the three 
localities would obviously obtain an incomplete and biased impression. 
In the native villages he would see a fairly uniformly high resistance, in the 
mines a mixture of high and low resistance, and ‘in the army an almost 
uniformly low resistance of all those diseased. In the three fields of 
observation, the racial factor and the incidence of tuberculin reactors are 
the same, leaving as variables to account for the differences in disease 
incidence, fatality rates and type of the individual disease, essentially 
living conditions, including such features as stress and strain or work, 
diet, climate, crowding and many of the more intangible aspects that may 
be summarized as maladjustments. 


Further along in the maturation process of tuberculosis as an epidemic, 
we may briefly inspect the disease as it occurs in the American Negro. 
The tuberculin index in them is higher than in the white American, par- 
ticularly in the younger age groups. The tuberculosis death rate of the 
Negro is roughly three to four times that of the white American; in 1937 


it was in Negroes 153.3 for males, 136.0 for females, as compared with 
50.0 and 35.9, respectively, for the white. The age distribution in the 
Negro shows the peak at an earlier age than in the white; and the shift 
towards higher ages, which is apparent in the white during the last few 
decades, is considerably less marked in the Negro. 

In chart 1 we see the age distribution compared between Negroes and 
whites and between 1910 and 1936: it shows that in the Negro, both in 
1910 and 1936 the whole curve is considerably more towards the younger 
are groups, and that the shift towards higher age groups which is pro- 
nounced in the white is negligible in the Negro. 

Chart 2 shows that even in the comparatively brief period of thirty- 
seven years, this one criterion of the aging of the tuberculosis epidemic, 
namely the shift of the mortality to higher age groups, is quite noticeable. 
The late Doctor Frost (12), in a posthumous paper, has discussed the 
interpretation and significance of this shift. 

The differences between tuberculosis in whites and Negroes are neither 
absolute nor constant. Many Negroes show the same chronic localizing 
type of disease as the whites. But relatively acute forms, generalizations 
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in the form of lymphatic and haematogenous spread occur with much 
greater frequency in Negroes than in whites. 

In comparing 303 autopsies of Negroes with 219 of whites in Detriot 
and Chicago, we (13) were able to demonstrate the much greater fre- 
quency of disseminated lesions in the Negroes in all age groups, as shown 


AGE DISTRIBUTION OF TUBERCULOSIS DEATHS 
IN MARYLAND 1910 AND 1936, SEPARATE 
FOR WHITE AND COLORED 


— WHITE 1910 
~ COLORED 1910 

---- WHITE 1936 
~~~ COLORED 1936 


-29 -39 -49 -S9 -69 -79 
AGE GROUPS 


CHart 1 


in table 7. In table 8 we compared the relative frequency of localized, 
so-called isolated phthisis in the two races; the difference is striking. In 
order to confirm, if possible, these findings from a limited number of 
cases, I have calculated the ratios of deaths from all forms of tuberculosis 
to deaths from disseminated tuberculosis, separately for the two races. 
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The figures are derived from the United States mortality statistics. 
Chart 3 shows that the relative frequency of disseminated forms is con- 
siderably higher in Negroes and that the last seventeen years during 
which such data are available have seen a much smaller relative decrease 
of disseminated forms in Negroes than in whites. The same trend is 


AGE DISTRIBUTION OF TUBERCULOSIS DEATHS 
U.S. REGISTRATION AREA 1900 AND 1937 

1937 


% 
25 


-29 -39 -49 -59 -69 -79 
AGEGROUPS 


CHART 2 


shown in chart 4, demonstrating the well known fact that disseminations 
are much more frequent in the younger age groups and that they remain 
much more frequent in older Negroes than in whites. Again, the marked 
percentage decrease of disseminated forms in whites is shown between 
1920 and 1937, while in the Negro this decrease is relatively insignificant. 
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In many surveys, tuberculosis is found not more frequent in Negroes 
than in whites under comparable living conditions, but a greater per- 
centage of diseased Negroes die, their clinical course is shorter, and 
accordingly a greater percentage of deaths of Negroes is due to tuber- 


TABLE 7 
The frequency of haematogenous and lymphogenous metastases occurring in the same individual 


in Negroes and whites, according to age groups (exclusive of miliary tuberculosis) 


NEGROES WHITES 
nor cxovrs | 
otal metastases Total metastases 
number 
Number Per cent Number Per cent 
years 
0-9 2 1 50.0 + 4 100.0 
1-10 27 24 88.9 6 3 50.0 
11-20 37 27 72.9 29 2 6.9 
21-30 54 28 51.8 32 1 3.2 
31-40 34 16 47.1 46 3 6.5 
41-50 22 10 45.4 35 0 0.0 
51- 14 2 14.3 33 1 3.0 
190 108 56.8 185 14 7.6 


The frequency of “isolated phthisis” in Negroes and whites according to age groups 


TABLE 8 . 


NEGROES 


WHITES 


Isolated phthisis 


Number 


Per cent 


Isolated phthisis 


Number 


Per cent 


15 0 4 0 
1-10 82 0 
11-20 47 0 
21-30 72 4 
31-40 43 3 
41-50 26 0 
18 2 


303 


=) 


219 


culosis, the percentages are approximately 9 and 4, respectively, for 1937. 
Similarly, among 2,885 autopsies in Cook County Hospital, 11.2 per cent 
of the whites and 22.4 per cent of the Negroes showed evidence of 
tuberculous disease (13). 
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In order to study the tuberculosis problem in Negroes and whites 
under identical living conditions, Roth (14) has computed the tuber- 
culosis morbidity and mortality of the two races in the United States 
Army. He found that their morbidity rates were closely similar, but 
that the mortality rate of the Negro was about four times higher than 
than that of the white, a fact that indicates that neither living conditions 
nor type of medical care determine the excessivé mortality of the Negro. 


DEATHS FROM Al FORMS OF TUBERCULOSIS 
RATIO OF: DEATHS FROM DISSEMINATED TUBERCULOSIS 
U.S. REGISTRATION STATES. 
1920 , 1930, 1937. 
Al AGES, SEPARATED BY RACES 


1920 30 37 1920 30 37 
WHITE COLORED 


Cuart 3 


Brailey (15), in a fundamentally important study in Baltimore, comes 
to the conclusion that the chances for colored children to become infected 
in a tuberculous family are about equal to those of white children under 
similar conditions, but the chances of dying from tuberculosis are three 
times greater in Negro than in white children. 

As to the duration of the disease, based on symptomatology, we found 
in our studies in Detriot that the average duration of the disease was 995 
days for 96 whites and 324 days for 47 Negroes. 

Tuberculosis in the Negro, then, does not only show a higher mortality 
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rate than in whites, but all those features which we have found character- 
istic of a younger phase of the epidemic tuberculosis: more acute forms 
with a relatively short duration of the disease, relatively higher incidence 
in younger age groups, higher fatality rate and greater frequency of 
disseminated lesions. 


RATIO OF: DEATHS FROM Alk FORMS OF TUBERCULOSIS 
DEATHS FROM DISSEMINATED TUBERCULOSIS 


U.S. REGISTRATION STATES 1920 AND 1937 
» ACCORDING TO AGES AND RACES 

WHITE 1920 —---- COLORED 1920 —-—-— 
WHITE 1937 —— COLORED 1937 


s 


CuHart 4 


The essential characteristics of tuberculosis in our white population 
are so well known that they need no further mention here, particularly 
since they were already pointed out in contrast to tuberculosis in Negroes. 


DISCUSSION 


The data presented provide a basis for a brief description of the de- 
velopmental phases of the tuberculosis epidemic. It starts with a few 
scattered cases, and, depending on the intensity of contact, a more or 
less rapid spread of infection and disease occurs. In these early phases, 
most patients have acute, rapidly fatal, generalized disease without any 
tendency to heal, with toxaemic symptoms overshadowing local symp- 
toms; the disease has a marked predilection for children and young 
adolescents. In the late phases of the epidemic, the case incidence is low, 
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although the infection rate may remain fairly high, the disease is chronic 
and localized with much evidence of complete or partial healing, the 
fatality rate is much decreased and the age incidence is shifted to the 
higher age groups. 

In trying to explain the course of the epidemiological development of 
tuberculosis on the basis of the brief summary of data presented, one 
fundamental statement should be made first, particularly since it is in 
disagreement with the opinion of many writers: No nation or tribe, free 
of tuberculosis, has a uniformly high susceptibility to tuberculosis. 
Wherever a new or recent invasion of tuberculosis has been observed, 
tuberculin reactors without disease have been found, testifying to the 
fact that they have been able to localize and heal the infection. Simi- 
larly, in each new tuberculosis territory, individuals have been observed 
who develop chronic phases of the disease and recover. The complete 
lack of resistance in so-called virgin soil isa myth. What is true, is that 
in not-tubercularized communities the proportion of nonresistant indi- 
viduals is high and the degree of their susceptibility is far higher than 
that of almost any individual during late phases of the epidemic. The 
second fundamental statement must assert that the individual degree 
of resistance and the collective frequency of the disease are not simply 
matters of interplay between host and bacillus, but that they are pro- 
foundly influenced by living conditions in the widest sense of the word. 
In addition to the evidence already presented, particularly in the data on 
South African natives, it may be mentioned that a number of observers 
in this country agree that tuberculosis in adult Puerto-Ricans and 
Mexican Indians frequently shows acute, rapidly fatal, generalized forms, 
comparable to so-called childhood tuberculosis. But Rodriguez Pastor 
(16) for Puerto-Rico and Alarcén (17) for Mexico assert that this is not 
so in their respective countries. Evidently we see in the United States 
natives of these countries in whom tuberculosis is aggravated by poverty, 
strange living conditions and maladjustment. 

What are the main causes for the profound changes of the disease? 

We would not be here, nor would we devote our life’s work to the fight 
against tuberculosis, if we did not have the conviction that our efforts 
have some effect. But it is just as important to recognize clearly the 
obvious limitations of our efforts. It has probably never happened that 
potentially effective measures have been taken against a tuberculosis 
epidemic in its incipiency or at its very height. The most spectacular 
decrease in tuberculosis mortality occurred, as a rule, before any organ- 
ized campaign against tuberculosis could be initiated. I cite as example 
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the observation among the Canadian Indians and the precipitate drop 
in tuberculosis mortality in Mexico during the few decades antedating 
antituberculosis work in that country. However, antituberculosis work 
is undoubtedly effective in its proper place and time. 

Immunization by infection is frequently cited as the main cause for 
the changes under discussion. The South African Report makes it clear 
that previous infection, as ascertained by positive tuberculin tests at the 
time of arrival, did in no noticeable way modify or alter tuberculous 
disease that developed later. Furthermore the South African observers 
found, as we have independently in American Negroes, that in many cases 
with acute tuberculosis, of the general appearance of so-called childhood 
type, calcified, healed, primary lesions were present. As we expressed 
it: in these cases a primary infection produces allergy without causing 
immunity. For immunization to be a major cause, one would have to 
assume that it is transmitted by heredity, an assumption for which no 
shred of evidence is at hand and much against it. 

An analysis of the happenings in the earlier phases of the epidemic, 
when large numbers of children and adolescents die of acute tuberculosis, 
shows that many families die out, thus eliminating the most susceptible 
strains. Ferguson in a study of 171 family trees has shown this process 
clearly: 18.7 per cent of the members of families that survived the 
epidemic up to the time of his observations had died of tuberculosis, 
while, 31.4 per cent of the members of the families who succumbed had 
died of tuberculosis. A total of 69 families succumbed, 60 families sur- 
vived; comparing this to the tuberculosis mortality in the respective 
groups, Ferguson concludes that it is the lack of resistance to disease in 
general, rather than the specific tuberculosis susceptibility which killed 
off the weak family strains. This is the record of only three generations. 
In a recent study, Downes (18) has shown that the average size of families 
with one or more patients with tuberculosis is considerably smaller than 
that of tuberculosis-free families. That it is possible by selective mating 
to breed relatively tuberculosis-resistant strains of animals has been 
demonstrated. This factor of the elimination of the least resistant 
strains, or the survival of the fittest, must undoubtedly play an impor- 
tant réle in the gradual attenuation of tuberculosis, particularly so in the 
early phases of the epidemic. 

The profound influence of living conditions has been reiterated; their 
importance is evident in our own present population: it has been shown 
in a number of different studies how tuberculosis mortality parallels the 
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socio-economic conditions, so much so that it would seem that poverty 
and unusual stress and strain should be—more so than they frequently 
are—the guide-posts for case-finding programs. 

There are, of course, a number of significant, but more subtle factors 
at work that tend to depress the frequency and the virulence of tuber- 
culosis. They become particularly important when, in a highly complex 
and differentiated society, the initial fury of the epidemic is spent. A 
discussion of all these factors would lead far beyond the scope of this 
presentation. There is, for example, the process of industrialization, 
which is lucidly brought out in the studies by Wolff (19); there are all 
the conscious and organized endeavors to improve living conditions in 
general, sanitation, the development of healthier living habits. And 
here is, last not least, the antituberculosis campaign with all its numerous 
ramifications, such as case-finding, education, isolation, treatment. 

One question remains to be touched upon. Throughout this paper, 
colored people were shown to be infinitely more susceptible than white. 
Is this so because the former are still in the earlier and more virulent 
phases of the epidemic, while most white populations find themselves in 
the late phase, or is it due to an inherent racial difference? Having no 
record of the response of whites at the beginning of a tuberculosis epi- 
demic, nor of colored populations that as a whole equal the resistance of 
the former, the question cannot be answered in a definitive manner. 

Many times have we heard speculations as to the possible danger of an 
acute and virulent epidemic sweeping again through our population some 
time after tuberculosis has been eliminated or, at least, reduced to its 
irreducible minimum, because, then, the immunizing effects of infection 
would be lost. If the concepts presented here are correct, such danger 
would appear slight. A population that has survived a tuberculosis 
epidemic and has rid itself of it is hardly comparable to a “‘virgin-soil’”’ 
population. The latter consists of highly susceptible and fairly resistant 
strains, the former of strains that by their very survival have proved 
their high resistance. 


SUMMARY 


i. An attempt is presented to explain on the basis of available data 
certain basic trends in the development of the epidemic tuberculosis. 

2. It is shown that tuberculosis, both as individual disease and as 
epidemic, changes many of its fundamental aspects coincident with the 
increasing duration of its presence within a given group of population. 
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3. The factors undergoing changes are mainly morbidity, fatality and 
mortality rates, severity and duration of the individual disease, the re- 
lative prominence of constitutional as compared to localizing symptoms, 
the dominance of disseminated forms and the age distribution of the 


disease. 

4. In the explanation of these changes, the relative.frequency of sus- 
ceptible and resistant strains is one prominent factor. The dying-out of 
susceptible strains leaves a more favorable balance between susceptible 
and resistant strains which accounts in a large measure for the most 
prominent features of the epidemiological development. 
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TECHNIQUE OF CAVITY ASPIRATION (MONALDI) 


EDWARD KUPKA! anp RUTH WELLS! 


The purpose of this article is to describe the technique and instrumenta- 
rium of cavity puncture and the details of care during subsequent 
aspiration (1). 

The type of cavity selected for the procedure is one for which pneumo- 
thorax or phrenic paralysis or both have been unsuccessful, and the 
patient has had the benefit of a long enough period of bed-rest to show 
that the cavity has no tendency toward spontaneous closure. In gen- 
eral, suction aspiration is not to be regarded as a substitute for thoraco- 
plasty, except where definite contraindications to the latter are present, 
such as age, contralateral disease, tracheobronchial disease, insufficient 
vital capacity, or poor general condition. It is absolutely essential that 
the pleural leaves are adherent, and if a pneumothorax space can be 
found, firm union of the pleural surfaces must be brought about artifi- 
cially; for this purpose we have used an injection of the patient’s own 
blood (2). 

The patient presenting a suitable type of cavity, which for purposes of 
illustration we will assume is located in the subclavicular region, is given 
a small dose of sodium amytal or similar hypnotic thirty to sixty minutes 
before the operation. A hypodermic containing one grain of codeine 
sulphate may be held in readiness to be used in the operating room should 
the patient show undue tendency to cough. It is desirable that the 
patient be sufficiently alert so that he might codperate later when mano- 
metric readings are taken of intracavitary pressures. 

The patient lies supine upon the fluoroscopic table. The eyes of the 
operator are well accommodated before attempting to visualize the 
cavity. Posteroanterior and lateral films (planigrams when necessary) 
have been studied and the operator has already a rather exact knowledge 
of the position of the cavity (4). When visualizing and localizing it 
under the fluoroscope, the central rays should be used with the shutters 
almost closed. The centre of the cavity should be marked by placing a 
small, flat piece of lead upon the skin of the chest, and at the same time 
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digital palpation should determine a point over an interspace closest to 
the lead finder. It is a happy circumstance when the centre of the cavity 
rests immediately under an interspace, since this makes cavity puncture 
easier. The fluoroscopic screen is then swung out of the way, and a skin 
pencil outlines the point at the interspace at which puncture is to be 
made. It may be preferred to place the lead marker over an interspace 
as close to the centre of the cavity as possible, and then outline the 
marker with skin pencil. 

While the operator and his assistant scrub, the nurse prepares the skin 
of the operative area, which has been previously shaved if necessary, by 
painting with tincture of metaphen or other suitable antiseptic, and 
drapes the patient with a long, sterile laparotomy sheet. The face of the 
patient is uncovered and left in full view of the operator. The instru- 
ment tray (figure 1) is placed on a stand which is swung over the patient 
within easy reach of the operator. The only items which cannot be found 
in the equipment of any institution giving collapse therapy are the 
exploratory needle and the special trocar-cannula. 

The exploratory needle is four and three-quarters inches long, seven- 
teen gauge, with a standard hub. 

The special trocar-cannula is the heart of the kit. The one illustrated 
here (figure 2) is based upon the instrument used at the Forlanini Insti- 
tute in Rome and designed by Bottari and Babolini (3). Our instru- 
ment is identical in principle but differs in several details of construction. 
There is a longer model for thick chests and posterior cavities. Both 
models have a slightly larger bore to permit use of a larger catheter; the 
shield is smaller; the “Y” angulation is greater; and the trocar mandrin 
when pulled upward out of the way can be held securely by a screw 
arrangement. When a tube leading to a manometer is attached to 
the angulating arm, the above instrument permits a closed system 
during puncture, and a small side window near the trocar end of the 
cannula permits characteristic fluctuations to be seen as soon as the 
cavity lumen is reached. 

To return to the patient. The skin and underlying tissues to and in- 
cluding the pleura are anaesthetized with one per cent novocaine solution. 
The exploratory needle, connected by a three-way stop-cock to a 2 cc. 
syringe and water manometer, is then introduced, its angle determined 
by the topographical relationship between interspace and cavity and the 
depth of the latter (figure 3). This needle meets the various resistances 
of the chest wall, so well known to the tactus eruditus of the pneumothora- 
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Fics. 1 AND 2 


Fic. 1. (upper) The instrument tray. 1: Skin anaesthesia needle, intercostal space and 
pleural anaesthesia needle, and special exploratory needle (Pilling). 2: Three-way stop-cock. 
3: B-P scalpel no. 11. 4, 5, 6: The trocar-cannula (Pilling). 7: Graduated catheter (Pil- 
ling). 8: Rubber tubes with connections to stop-cock, cannula and catheter. 9: Small 
rubber band for snapping end of catheter. 10: Catheter anchor. 

Fic. 2. (lower) The trocar-cannula. 1: Assembled 17 cm. model. 2-5: Unassembled 


14 cm. model. 
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cist, until lung tissue is reached. Within lung tissue the readings 
typical of that location are obtained: namely, small fluctuations around 
zero. As the cavity wall is penetrated, usually a moderately firm 
resistance is felt, as though one were perforating sponge rubber; a sudden 
“‘give’’ follows when the needle enters the cavity lumen, and characteristic 
manometric readings verify this fact, as well as the ability to withdraw 
air easily and rapidly into the syringe. 

The pressure variations during respiration within a cavity depend 
upon several factors, but from a practical standpoint, as far as aspiration 
is concerned, the important factor is the relative patency of the draining 
bronchus. If the bronchus is completely and continuously occluded, 
which is uncommon, the readings are quite negative, as Coryllos pointed 
out. A ball valve occlusion in the bronchus will show high positive 
readings; this, too, is uncommon. Open or partially occluded bronchi 
will show fairly wide variations about zero, usually slightly more positive 
than negative. With all types of bronchi, if the patient bears down, 
there is a marked shift to positivity, which may be as high as plus forty 
or fifty. 

When the above criteria of cavity puncture, that is, typical tactile 
sensations, easy withdrawal of air and adequate manometric fluctuations, 
have been satisfied, the needle is withdrawn, and the operator notes the 
depth to which it has been introduced. 

A small nick is made at the site of the needle puncture with a straight 
edged scalpel, and through this the trocar-cannula is introduced. This 
part of the operation, which simultaneously demands force and delicacy, 
is made easier if the instrument is held properly (figure 4). The second 
and third fingers are looped about the finger brace, and the proximal end 
of the instrument snuggles within the palm of the right hand. The 
thumb and first two fingers of the left hand steady and brake the cannula 
at the point where it enters the skin. The cannula is introduced in the 
same direction and to the same depth as the exploratory needle. It 
meets the same series of tissue layer resistances, but because of its 
greater size and its somewhat blunt point, the force necessary to overcome 
them is much greater. Particularly when penetrating the thickened, 


Fic. 3. (upper left) Introduction of exploratory needle 
Fic. 4. (upper right) Introduction of trocar-cannula 
Fic. 5. (second row center) Two-bottle pump, trap, and connections 
Fic. 6. (bottom center) Skin anchorages (patient’s head in upper right hand corner) 
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adherent pleura, much force must be used, and the left hand must firmly 
grip the cannula to prevent a sudden, excessive, downward movement. 
The instrument must not be rotated during introduction. It is wise to 
adjust the guard so that the cannula cannot go farther than the explora- 
tory needle did. When the cavity wall is reached, again the character- 
istic sponge rubber sensation is felt, and the cavity lumen is entered with 
a distinct snap. At this point the manometric readings obtained should 
be about the same as those elicited with the exploratory needle; the 
oscillations are usually wider, however, because of the patient’s excite- 
ment following the heavy pressure on his chest. The considerate 
operator will warn his patient of this sensation of pressure before the 
operation and thus avoid any panic reaction. 

Cavities differ widely in the ease with which they can be located by 
the trocar-cannula. The perforating point was purposely made not too 
sharp to avoid haemorrhage from cutting through vessels. This blunt- 
ness is a disadvantage when approaching smaller cavities or those 
surrounded on all sides by air-containing tissue, since, if the cavity wall is 
approached on a tangent, it will slip away from the instrument, which 
then will progress along the side of the cavity instead of through its 
wall (5). This phenomenon, which reminds the writer of bobbing for 
apples in water, can be verified by fluoroscopic control, and is the chief 
reason why small cavities, as well as some larger ones, are so difficult to 
hit. The surrounding elastic lung tissue allows much shifting of position, 
even with tremendous cavities. A thick, hard cavity wall will also allow 
shifting of cavity location rather than puncture and slip away from the 
trocar point. When the first attempt at puncture of a subclavicular or 
apical cavity fails, a second often succeeds if the cannula is withdrawn 
almost to the pleura and then redirected slightly more upward and 
mesially. 

When the operator is sure that he is in the cavity, he withdraws the 
mandrin as far as it will go and gives it a turn counter-clockwise, which 
will hold it in place. The manometer is disconnected from the angu- 
lating arm, and through this orifice the catheter is introduced. It is so 
marked that the operator knows at what point it reaches the cavity, 
and then he pushes it about ten centimetres further, so that it will curl 
up within the cavity. 

The most delicate part of the procedure is now at hand. The cannula 
must be withdrawn and the catheter left in place. Very gradually, the 
operator pulls out the cannula and, at the moment its tip appears at the 
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skin, the assistant seizes the catheter with a small hemostat, holding it 
firmly against the skin, while the cannula slips over the remainder of the 
catheter. A fairly thick silk cord about eight inches long is then tied 
with a square knot about the catheter at the point where it enters the 
skin, and the two ends of this cord are then attached firmly to the skin 
on either side by adhesive, thus serving as anchors and preventing 
extrusion of the catheter. At this point the fluoroscopic screen may be 
pulled down, and the position of the catheter in the cavity verified. 
The external end of the catheter is bent upon itself and tightly snapped 
with a rubber band; it is curled up on the skin, covered with sterile 
dressings, and the patient sent back to his bed. 

Anote as tothe catheter. Thisinstrument will accommodate a French 
number fourteen (number twelve is the size used by us) and any type with 
several perforations at its tip may be used. Ideally, however, the 
catheter should be fairly radiopaque, should have a generous lumen and 
a firm enough wall so that it will not occlude by doubling upon itself 
within the cavity, and yet it should be elastic enough so that it will not 
cause trauma to pulmonary tissue. It should be graduated, have a soft 
tip and have at least three large openings near its tip. A special catheter 
is being made which fulfills these requirements. The least irritating and 
the most elastic catheters, namely those made of gum rubber, have 
unfortunately the disadvantage of too small a lumen and of radiolucency. 
The usual red rubber catheters tend to irritate the skin orifice. 

Now in his bed, the patient is instructed to lie as quietly as possible 
either on his back or nonoperated side and warned that expectoration of a 
little bloody sputum is to be expected. A hypnotic is given for the first 
night. No suction is applied to the catheter until the morning following 
puncture. Then the catheter is unsnapped and a 30 cc. syringe with 
adapter tip attached. Cautiously increased suction is applied, and with 
the occurrence of negative pressure (closed bronchus or one which closes 
with suction) the patient complains of chest pain or cough. As air or 
secretions are drawn from the cavity through an open bronchus, the 
patient may complain of a peculiar sensation in the throat and a desire 
to cough. 

The secretion obtained at this first suction varies in amount and char- 
acter. In our cases, the amount has varied from a few drops to 30 cc. of 
thick purulent material, which is usually blood tinged and occasionally 
frankly bloody. Sometimes it is possible to aspirate a limited amount of 
air as well before the patient complains of pain. If the bronchus is wide 
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open, an unlimited amount of air may be aspirated. If the bronchus is 
partially closed or narrowed, the suction may be sufficient to close it 
entirely, so that pressure lower than atmospheric may be continuously 
maintained by simply clamping the catheter; or the suction may close 
it only temporarily. In the latter case, a more or less continuous suction 
must be applied to maintain a negative pressure within the cavity. 

After this first syringe aspiration, the catheter is attached to a pump. 
The one we use is identical with that described by Monaldi. Where 
there is expectoration of more than a small amount of blood during or 
after the puncture, connection to the pump may be delayed for another 
day. 

The pump (figure 5) consists of a system of two four-litre aspirator 
bottles with low, side openings, connected by snugly fitting rubber 
tubing of such length that the bottles may be conveniently set at unequal 
levels. The higher of the two bottles is filled almost full with water and 
stoppered by a tightly fitting rubber cork through which passes a right- 
angled glass tube, reaching almost to the bottom of the bottle. The tube 
is guarded against breakage during changes by being divided into two 
parts, connected by a short rubber link. Water flowing from the full 
upper to the empty lower bottle produces suction which is exerted 
through the glass tube; this in turn is connected by a rubber tube to one 
of two right-angle glass tubes barely passed through the two-hole rubber 
stopper of a small trap bottle. To the outlet of the trap bottle is fas- 
tened a long rubber tube which is connected with the catheter by a glass- 
medicine-dropper connection. This trap serves two functions: to collect 
secretions aspirated from the cavity, and to prevent accidental back flow 
of water. 

When all the water has flowed out of the upper bottle, the tubing 
proximal to the trap bottle is clamped, the stopper from the upper bottle 
removed, the bottles exchanged in position, the stopper then tightly 
inserted in the full upper bottle, and the clamp released, thus reéstablish- 
ing suction. The degree of suction is regulated by the difference in 
height of the two bottles and is changed, depending upon the demands 
of the case. Usually a difference of twenty to thirty centimetres suffices. 
When no secretion except a little bloody fluid is obtained, suction is 
reduced to ten to twenty centimetres water and made more intermittent. 
The usual suction period has been about eight hours during the day. 
At night the catheter is again doubled back, snapped with the rubber 
band, and curled under a dry dressing. One case with a persisting wide- 
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open bronchus has been connected to the pump for twenty-four hours 
daily. Though it seems unlikely that even relatively continuous suction 
in such a case could gain an advantage, the cavity has been kept fairly 
clean of secretions, tubercle bacilli have disappeared from both sputum 
and cavity secretions on repeated examination, and the cavity has re- 
duced to about one-third of its original size. The term “relatively 
continuous” is necessary because suction must ‘be suspended during 
the changing of the bottles, and an attendant is not always immediately 
at hand to make the change. 

The usual daily attention consists of cleansing the wound with 70 per 
cent alcohol and seeing that the anchor is satisfactorily placed, relocating 
it if necessary. A sterile, two inch, gauze square is cut from the edge 
to the centre and placed on the wound so that the catheter comes out 
through the centre of the square (figure 6). The catheter is curled on 
top of the gauze and tucked under an overlying dressing, so that its loops 
cannot slip out. The open end of the catheter protrudes at the upper 
edge of the dressing and is connected to the rubber tube of the trap by 
the medicine dropper. Both rubber tube and catheter are so looped and 
anchored to the patient’s skin as to make accidental pulling-out of the 
catheter less likely to occur. 

During the first few weeks of treatment, the catheter extrudes very 
slowly or not at all. Then, as the cavity becomes smaller, the catheter 
is pushed out, little by little at an irregular rate; as it moves, the anchor- 
age must be shifted. The loose ends of the original anchor are cut off, 
and a new cord is tied about the catheter at the point where it leaves 
the skin, and secured by adhesives. 

This type of anchorage has proved safe and secure, despite its sim- 
plicity. When the obliterating cavity pushes the catheter outward, 
it is essential that the anchoring force be elastic, so that lung trauma does 
not result. This function is admirably served by the cords, which allow 
a certain play. Thus encircling adhesive tapes are not necessary and 
may be dangerous, while the use of a safety pin, as with an empyema 
tube, has the additional disadvantage of spoiling suction. Parenthet- 
ically, it may be mentioned that the use of an electric motor or a water 
pump attached to a water tap, both giving a real continuous suction, is 
condemned as dangerous by Monaldi, who feels that the very inter- 
mittency and vacillation of the two-bottle system introduces a safeguard, 
allowing frequent tissue recovery from the possibly injurious effect of 
the suction. If the catheter is accidentally coughed or pulled out, it is 
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usually replaceable, but with reduction in size of the cavity or closure 
of the cavity, the catheter is pushed out by healing tissue, and cannot be 
pushed back. 

The mild skin infection which frequently complicates the treatment 
begins soon or may be delayed two to three weeks and-runs a benign if 
persistent course. The application of heat quickly relieves the chief 
symptom, pain. The chief ill effect of this complication is the loosening 
of the catheter tract. Tuberculous infection of the tract has not yet 
been observed by Monaldi. 

The character of cavity secretions changes as the treatment progresses. 
As previously mentioned, they at first are thick and purulent and may 
contain blood. Gross evidence of blood quickly disappears, and the pus 
gradually becomes thinner in consistency with reduction in its bacillary 
content. Later, there is no secretion whatever, but as the catheter 
travels through the thoracic wall on its way out, the purulent secretion 
recurs, due to the above mentioned pyogenic infection. If, in the later 
stages of the treatment, blood reappears in the secretion, this may be 
regarded as evidence of tissue trauma due to the aspiration, and is a sig- 
nal to reduce the degree of suction. If the catheter has traveled to the 
point where leakage of air occurs around it, it may be pulled out at once. 

Where a solitary cavity is under treatment, conversion of sputum takes 
place quite rapidly asa rule, within two or three weeks, while the cavity 
secretions become negative during the second month (6). Until both 
cavity secretions and sputum are repeatedly negative to concentration 
for tubercle bacilli, the catheter should not be encouraged to extrude. 
A dramatic reduction in cough and sputum occurs in the first few days. 

The progress of cavity closure, as well as other changes in and about 
the cavity, should be followed by frequent X-ray films, including body 
section roentgenograms when necessary. An increase in density about 
the cavity, as visualized on the film, should be interpreted as evi- 
dence of too high a suction, which must be reduced. The decreasing 
size of the cavity is important in deciding when to encourage the catheter 
to come out. It is of value also to know the position of the catheter, 
for it may need to be shifted. (Where radiolucent catheters are used, a 
small amount of lipiodol may be injected for visualization, but it should 
not be injected into the cavity itself.) Body section films are very helpful 
in localizing the cavity, the catheter, and their relation to each other, but 
also in determining the actual presence of cavities, when they become 
very small (7). 
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The optimum time to discontinue suction in the event the cavity has 
not closed cannot be stated. In general, if two or three successive X-ray 
films show no decrease in size after the patient has been under suction 
for four or five months, one may safely conclude that further treatment 
will be of no avail, and pull out the catheter. In the favorable cases 
where the cavity closes, the unmistakable pushing out of the catheter, 
plus the disappearance of the cavity upon body section film, will be 
indication for discontinuance of treatment. After the catheter has been 
removed, the sinus tract heals readily, leaving a small brownish dimple 
in the skin. 


SUMMARY 


There has been no attempt to discuss the wide and complicated field 
of indications, physiopathology, roentgenology and complications of the 
Monaldi procedure. A successful technique has been described in some 
detail, as an aid to those who wish to work with this operation before 
the appearance of more definitive articles in the English literature (8). 
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CLINICAL AND LABORATORY NOTES 


BILATERAL SPONTANEOUS PNEUMOTHORAX IN SILICOSIS 
LEWIS J. MOORMAN! 


Our present knowledge of silicosis and the many factors involved with their 
far reaching sequences have resulted in a great awakening during the past 
fifteen years (1). The members of the medical profession, in addition to the 
accustomed study of aetiology, pathology, morbidity, mortality, diagnosis, 
prevention and therapy, have been forced to consider the social, industrial, 
legal and political significance of this disease. 

To-day, the doctor who makes a diagnosis of silicosis may be required to 
appear in court, where he must cope with the opposing lawyers, the representa- 
tives of industry and of insurance companies. If he upholds the honor of his 
profession and deals intelligently and fairly with every problem and every 
question proposed, he must be not only well informed with reference to the 
pathology, the diagnosis and the clinical course of the disease, but he must 
know the character and origin of silica, the industries in which it occurs, in 
what form and what percentage it must exist before it will produce pathological 
changes in the lungs and the importance of the time element in exposure. It 
may be necessary for him to codperate with chemists, engineers and industrial 
executives in the determination of dust hazards and the elimination or control 
of the same. 

This case report is offered with a view of calling attention to an uncommon, 
yet significant complication of advanced silicosis. The occurrence of spon- 
taneous pneumothorax in the course of silicosis has been pointed out by many 
students of the disease, but simultaneous bilateral spontaneous pneumothorax 
is relatively rare, yet it must be recognized and given its proper place in the 
study of silicosis. 

In 1934, Oechsli and Miles (2) reviewed the literature and reported 77 cases 
of simultaneous bilateral spontaneous pneumothorax. In 1936, Glickman 
and Schlomovitz (3) added 4 cases from a study of the literature. They found 
that 6 of the reported cases had occurred in silicotics. To the latter, they 
added one case. This made a total of 82, with 7 occurring in connection with 
silicosis. In 1937, Roubier (4) reported a case of bilateral spontaneous pneu- 
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mothorax in a sand-engraver. In 1939, Sokoloff and Farrell (5) found 22 
ases of spontaneous pneumothorax in a study of 507 coal miners suffering 
rom anthracosilicosis. Three of the cases were bilateral. These 3 cases and 
he one reported by Roubier bring the total to 86, with 11 bilateral cases 
curring in connection with silicosis. 

The author is adding 2 cases. One in advanced bilateral pulmonary tuber- 
ulosis, with death from pressure and the shock associated with sudden bilateral 
collapse, plus the resulting intrapleural infection. The other case, reported 
‘elow, occurred in advanced silicosis. These 2 cases bring the total to 88 
with 12 occurring in second and third stage silicotics. 


Case Report 


C. C. N, a man aged fifty-six, with the successive occupations of miner, 
blacksmith and farmer. Chief complaints were dyspnoea, cough, weakness 
ind loss of weight. 

Present illness: A gradual decline in weight and strength with increasing 
dyspnoea was noted for a period of years. In December, 1935 he contracted 
a severe cold. This was followed by persistent cough and marked dyspnoea. 
Because of a diagnosis of asthma, he was referred to an allergist, who, after a 
diagnostic study, wisely returned him to his family physician. 

X-ray films of the chest were made January 20, 1936. (See figures 1 and 2.) 
These films were made soon after the onset of the acute respiratory infection 
in December, 1935. No doubt the opacity in lower right and the marked 
density accompanying the right lower trunk shadows were due to this acute 
infection. This becomes more obvious when these films are compared with a 
chest roentgenogram made February 12, 1936. (See figure 3.) 

On March 6, 1936 the patient was first examined at my office. His past 
history was uneventful with the following exceptions: When twenty-four 
years of age he found employment in lead and zinc mines, where he worked for 
ten years. During the latter part of this period he experienced a decline in 
health with cough and progressive weakness. At that time it was observed 
that exertion caused him to be short winded. He gave up mining and his 
health improved but he was never free from dyspnoea. 

His family history was essentially negative and there was no known contact 
with tuberculosis. Wife and three married daughters are living and well. 

Physical examination shows an emaciated, sallow-complexioned, barrel- 
chested, round-shouldered, dyspnoeic individual of medium stature, with ob- 
vious anxiety and physical fatigue. Weight 122 (maximum weight 155); 
temperature 98; pulse 90; respiration 22; blood pressure 110/75. Examina- 
tion of head and face is otherwise negative. Many teeth are missing; the 
remaining teeth are in bad condition with associated pyorrhoea. Throat is 
negative. Examination of the thorax reveals the marked increase in antero- 
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Fic. 1 (upper left), Fic. 2 (upper right), Fic. 3 (bottom center). 
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posterior diameter and the stooped shoulders, so typical of the emphysema 
often found in advanced silicotics. Percussion over the lungs elicits hyper- 
resonance with encroachment upon surrounding structures. Palpable fremitus 
is absent over the upper right and diminished over upper left. Auscultation 
reveals distant diminished breath sounds which are almost inaudible over the 
upper and anterior right. There is a surprising absence of rales. Heart and 
blood vessels are apparently normal. General physical examination is other- 
wise negative. 

Fluoroscopic inspection confirms physical findings. The diaphragm is de- 
pressed and virtually immobile. The pneumothorax is barely visible at the 
right apex. The circumscribed densities in the upper lobe of each lung are 
observed and attributed to advanced silicosis. 

Figure 1: Posteroanterior roentgenogram of chest, January 20, 1939, shows 
circumscribed homogeneous densities in the upper lobes, representing the 
fibrotic masses often found in advanced silicosis, and in this case possibly hav- 
ing been influenced by tuberculosis. These rather sharply defined densities 
have the appearance of tumor masses and on the film they were interpreted 
as representing evidence of new-growth extending from the hilum on both 
sides. The pneumothorax was not mentioned. On the right there is consid- 
erable patchy opacity and fibrosis with areas of emphysema. The diaphragm 
is more horizontal than usual with evidence of pleurodiaphragmatic adhesions. 
Evidently the pleura covering the lower and middle lobes is adherent to the 
chest wall, thus limiting the extent of the spontaneous pneumothorax, which 
is clearly seen compressing the upper lobe. On the left, pneumothorax is not so 
obvious but slightly visible laterally above the third rib. Opposite the third 
rib in the second lung zone, there is a discrete calcified node, probably repre- 
senting healed tuberculosis. There is marked emphysema in the lower left 
with partial obliteration of the normal markings. 

Figure 2: Lateral film of chest, January 20, 1939, showing the great increase 
in the anteroposterior diameter of the thorax and the widened postcardiac 
space, with the increased lung area between heart and spine, which is so 
characteristic of advanced silicosis. The forward bowing of the anterior wall 
of the thorax and the posterior curve of the spine are also characteristic of the 
silicotic chest. This film shows the marked densities referred to above with 
additional evidence of calcified lymph nodes. The pneumothorax is plainly 
seen along the anterior margin of the thorax. 

Figure 3: Posteroanterior film of chest, made approximately three weeks 
after figures 1 and 2, shows marked clearing of opacity in lower right lung. 
Virtually no change in the homogeneous masses in the upper lobes. The evi- 
dence of emphysema is more pronounced, especially on the left. The irregular 
almost horizontal dome of the right diaphragm with blunting of costophrenic 
angle suggests adhesions. Heart and great vessels are apparently normal. 
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The following reports represent laboratory examinations made January 23, 
1936. The high white count may be due to the recent acute respiratory in- 
fection. 

Urine is normal with the exception of a one-plus reaction for indican. 

Blood count: haemoglobin, 85 per cent (Tallqvist) ; red blood cells, 3,280,000; 
color index, .9; white blood cells, 16,750; polymorphonuclears, 82; lymphocytes, 
15; monocytes, 2; eosinophiles, 1; platelets normal. Wassermann and Kline 
tests are negative. 

At the time of my examination it was impossible to collect sufficient sputum 
for examination. 

Diagnosis: (1) Advanced silicosis. 

(2) Healed pulmonary tuberculosis. 
(3) Simultaneous bilateral spontaneous pneumothorax. 

Discussion: The conglomerate nature of the lesions without generalized 
nodulation is quite consistent with silicosis and quiescent tuberculosis (tu- 
berculo-silicosis). Such cases develop high-grade bullous emphysema and 
rupture of such a bleb may cause the pneumothorax. The pathological condi- 
tions found in this case are quite compatible with ten years’ exposure to silica 
in lead and zinc mines. This is particularly true when we take into account 
the continued irritation of accumulated silica over a period of twenty-two 
years since the termination of work inthe mines. Often there is a long interval 
between exposure and the development of definite symptoms, but the above 
patient experienced some dyspnoea while still exposed to silica. Dyspnoea 
is an early symptom, but even this does not appear until silicosis is relatively 
advanced. The patient also developed cough and weakness while still working 
in the mines. Silicosis often prepares the soil for tuberculosis, and active 
tuberculosis at the time he gave up mining is a strong probability. This 
may have healed, leaving the field for the insidious development of fibrotic 
nodules and their ultimate coalescence to produce the opaque fibrotic masses 
seen in the X-ray films. Such changes are encouraged and often hastened by 
complicating infections, particularly tuberculosis. 

The roentgenologist’s diagnosis of new-growth may be ruled out when we 
consider the duration of symptoms and the fact that the patient’s clinical 
syndrome, plus the configuration of the thorax, is typical of silicosis; also it may 
be said that while the opaque masses are quite discrete, and that there are 
very few signs of silicosis in the remaining lung field, the bilateral develop- 
ment is typical of silicosis, while primary new-growth is usually unilateral. 

The marked emphysema tends to obscure bronchopulmonary markings, 
both normal and pathological. This may help explain the apparent absence 
of generalized fibrotic nodulation. Finally, spontaneous pneumothorax does 
not occur in connection with new-growth until secondary infection and ulcera- 
tion develop, and even then it is rare. 
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Commenting on this case in a letter of July 3, 1936, Dr. Henry K. Pancoast 
said: ‘‘Pneumothorax is more likely to occur at the apices in connection with 
pneumoconiosis than spontaneously in other cases, when it is more likely to 
occur at the bases. In our experience, every case of pneumothorax in con- 
nection with pneumoconiosis has been incomplete and, therefore, this may have 
been the saving of your case in which a bilateral pneumothorax occurred.” 

Unfortunately it was impossible to keep this patient under observation, but 
a recent follow-up indicated that he died two years and eight months after the 
diagnosis of bilateral pneumothorax was made. 


REFERENCES 


(1) GarpNerR, L. U.: Introductory remarks, Second Symposium on Silicosis, Edited by 
B. E. Kuechle, Employers Mutuals, Wausau, Wisconsin, 1935, p. 9. 

(2) Orcusu1, W. R., AND Mites, S. H.: Am. Rev. Tuberc., 1934, 30, 239. 

(3) GrickMan, L. G., AnD ScHLomovitz, B. H.: Simultaneous bilateral spontaneous pneumo- 
thorax complicating pneumonoconiosis, Ibid., 1936, 34, 390. 

(4) Rousrer, C.: Bilateral spontaneous pneumothorax in silicosis, Rev. de la tuberc., 
1937, 3, 1047. 

(5) Soxotorr, M. J., AND FarRELL, J. T.: Spontaneous pneumothorax in anthracosilicosis, 
J. A. M. A., April 22, 1939, 112, 1564. 


3, 
n- | i 
0; q 
S, 
1e 
m 
¥ 
d } 
d 
a 
it 
4 
q 
4 
4 
hy 
» 
l 
r 
i 
| 


SPONTANEOUS PNEUMOTHORAX! 


A Case Due to Rupture of a Tuberculous Cavity Simulating an Acute 
Abdominal Lesion 


J. J. KIRSHNER? 


Spontaneous pneumothorax is a fairly common occurrence in far advanced 
pulmonary tuberculosis. The rupture of a tuberculous cavity, however, is 
rarely seen. The reference of symptoms to the abdomen contributed to the 
interest of this case. 


I. W., a white woman of eighteen, was admitted to the tuberculosis wards of 
the Philadelphia General Hospital on December 29, 1936, complaining of 
cough with expectoration, haemoptysis, pain in the right chest and night sweats 
of one month’s duration. 

Examination on admission revealed signs of disease in the right upper lobe. 
X-ray study on January 1, 1937 revealed infiltration and cavitation of right 
upper lobe with bronchogenic spread to the left lung field. The sputum was 
reported positive with 2,500 organisms per 100 fields. On January 8, 1937 
artificial pneumothorax was instituted. On February 23, 1937 intrapleural 
pneumonolysis was resorted to in order to cut adhesions holding the cavity 
open. This was unsuccessful. On March 28, 1937 X-ray revealed the cavity 
still open (figure 1). The sputum was reported heavily positive. 

On April 17, 1937 the patient was suddenly seized with severe pain in the 
abdomen, and with nausea and vomiting. Examination revealed a tempera- 
ture of 103.8°F.; pulse, 140; respiration, 36; white cells 15,000 with 80 per cent 
polymorphonuclear leucocytes. Surgical consultation advised conservative 
treatment because of the possibility of a tuberculous appendix being responsible 
for the symptoms. Expectant treatment was instituted and the symptoms 
gradually cleared. An X-ray film taken April 24 (figure 2) revealed closure of 
the cavity. The sputum was reported negative and remained negative. On 
July 10, 1937 the right chest was tapped and 350 cc. of yellow thick purulent 
fluid was removed. 

On July 22, 1937 the patient had another attack of abdominal pain with 
nausea and vomiting. Chest taps were done repeatedly to remove the air and 


1From the service of Dr. Edward Weiss, Philadelphia General Hospital, Philadelphia, 
Pennsylvania. 
2 Department of Tuberculosis, Philadelphia General Hospital. 
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fluid and a continuous decompression was instituted. The empyema fluid 
repeatedly clogged the decompression tube. The patient grew weaker, went 
steadily downhill and died on August 15, 1937. 


Fic. 1. (left) Cavity at right hilum 
Fic. 2. (right) Following rupture of cavity 


Postmortem examination revealed almost complete collapse of the right 
lung and an empyema of the right pleural cavity. The original cavity was 
found and a small opening indicating the point of rupture in the wall of the 
cavity. Over the opening, a small tab of exudate was found which had evi- 
dently acted as a ball valve. The appendix was normal. 
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PROGRESSIVE RELAXATION IN THE TREATMENT OF 
PULMONARY TUBERCULOSIS 


EUGENE F. TRAUT! 


Satisfactory methods of controlling the much studied nervous symptoms of 
pulmonary tuberculosis are not commonly used. Restlessness, irritability 
and stimulation often antedate the respiratory symptoms and hinder recovery. 
Tuberculous patients often complain of ‘‘jumping’”’ muscles. In the muscles 
themselves the threshold of direct stimulation is lowered. This phenomenon 
of myotonia or myoedema can be easily demonstrated by lightly tapping the 
pectoral muscles. Pinching the biceps produces a welt. Repeating these 
stimuli may throw the muscle into tonic contraction. The knee jerks are 
often exaggerated and the hands may tremble. These signs of easy stimula- 
tion are attributed to a poison produced in the lungs. 

Present-day treatment of tuberculosis is rest. General and pulmonary rest 
are hindered by irritability. This toxic ‘restlessness contributes to cough, 
insomnia and hyperperistalsis.”’ 

Prescribed rest often fails because the patient does not know how to rest. 
Told to relax he says he cannot. He may be in bed, or indeed asleep and yet 
not resting. He may deny that he is restless, offering as evidence his facility 
in going to sleep and remaining asleep. And yet asleep he twitches, turns, 
talks or dreams violently and awakens more tired than on going to bed. 

Annoying nervous symptoms were formerly and are even now frequently 
curtly dismissed as a necessary accompaniment of pulmonary invasion by 
tubercle bacilli. Accordingly relief was not to be expected until the pulmonary 
lesion had become quiescent. Bromides or barbital were extensively used. 
The ‘‘hang-over,” the development of dependence upon the drug and of 
tolerance necessitating larger doses, disturbing side-reactions such as derma- 
toses and confusion are well known and respected drawbacks to chemical 
control of nervous manifestations. Relief of the nervous symptoms is usually 
attempted by suggestion and advice. External heat and gentle massage are 
helpful. Psychoanalysis has been found too cumbersome and expensive. 
Often overlooked are the enforcement of quiet, censorship of radios and reading 
matter, restriction of visitors and elimination of coffee and tea. 

Jacobson has proved that muscular contraction including tonus can be pre- 
vented or stopped by simply desiring not to contract muscles. James long ago 


1122 South Michigan Avenue, Chicago, Illinois. 
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proved that every emotion or even each thought had its physical counter-part 
in muscular contraction. Using this idea, Jacobson (1) has shown that doing 
away with this physical expression of mental activity obviates the responsible 
cerebral function. According to Jacobson inhibition is a negative process, 
absence of muscular activity. He has devised a method of teaching the tense 
patient to reproduce and appreciate tensions in the various muscle groups and 
to again relax them. An intelligent individual can relax to the point of 
abolition of tendon reflexes. This represents the closest approach to basal 
conditions, ideal or absolute rest. Complete muscular relaxation implies 
mental relaxation because ideation can only occur if representative muscular 
activity coexists. This answers the patient’s objection that she can relax her 
muscles perfectly but cannot make her brain stop working. Such a patient 
has unrecognized muscular activity, she is not relaxed. That tension in volun- 
tary muscles is related to spasm or hyperactivity in smooth muscle is well 
recognized. It is also demonstrable that tone diminishes in smooth muscle 
in proportion to the relaxation of the striped musculature. 

In tuberculosis relaxation may be used to secure real rest during the cure, 
and prophylactically to prevent future break-downs. 


REFERENCE 
(i) Jacosson, E.: Progressive relaxation, University of Chicago Press, 1929. 
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EFFECT OF EGG OIL ON TUBERCLE BACILLI! 


A Study on the Growth and Macroscopical Appearance of Tubercle Bacilli Variants 
of H37, Rl and Undissociated Strains 


W. STEENKEN, JR. 


In making a study of the growth of tubercle bacilli pon various media 
of different pH, it was noted that when tubercle bacilli were grown on Cor- 
per’s medium smooth colonies occasionally appeared along with typical and 
atypical Ra and Rv colonies. 

The work of Smithburn (1) in separating cultures into rough and smooth 
colonies of different virulence on Corper’s medium at different pH levels was 
most important. If it could be applied to the separation or isolation of rough 
and smooth colonies of different virulence from sputum, pleural fluid and other 
tuberculous exudates, it might eventually be of aid in determining the prognosis 
in individual cases. It might also help in understanding the effect of treatment 
upon the virulence of the infecting microédrganism. 

With the foregoing in mind several experiments were undertaken. Corper’s 
medium was prepared according to Smithburn’s (2) technique and seeded 
with the variant colonies of H37 (Rv, figure 6 and Ra, figure 8) (3) of R1 (Ra, 
figure 1 and resistant, figure 3) (4) and with 15 different strains isolated 
from human sources. 

Several of these cultures produced smooth colonies regardless of the pH of 
the medium. They were picked and subcultured on Steenken and Smith’s 
(5) and on Corper’s (6) media. On the latter smooth appearing colonies were 
occasionally seen, but on Steenken and Smith’s medium, the colonies were all 
of the rough variety. 

We naturally inquired why these smooth colonies appeared only on Corper’s 
medium, and why this form always failed to develop when they were subcul- 
tured on Steenken and Smith’s medium. 

While making daily inspections of all cultures, small, yellow, oily droplets 
were noticed on the surface of Corper’s medium. Where the microérganisms 
chanced to seed themselves in these droplets, a small, opaque, grayish area 
appeared at the end of a week. This opacity of the oil droplets became more 
pronounced as time passed until at the end of forty days they lost their original 
yellow, oily appearance and were replaced by smooth, creamy colonies (figures 


1 From the Research and Clinical Laboratory, Trudeau Sanatorium, Trudeau, New York. 
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2,5, 7,9). When picked and subcultured on fresh Corper’s medium, free of oil 
droplets, they grew in rough form, but when oil droplets were present they 
produced a smooth variety of colony. 

This same phenomenon was observed in all the cultures regardless of whether 
they were composed of virulent or avirulent, dissociated or undissociated bacilli. 
However, the same was not true of stock culture, because the amount of trans- 
ferred inoculum was so large that smooth colony development was obscured. 

The following experiments were undertaken to prove: (J) whether the 
microérganism would grow in egg oil; (2) whether the smooth morphology of 
the colonies was due to the growth in oil; and (3) whether this morphology 
would persist both in the presence and absence of oil. 

The yolks of one dozen fresh eggs were separated carefully from the whites, 
beaten with a mechanical beater for ten minutes, and filtered through a 
double thickness of gauze. The filtered egg yolk was transferred to a 500 
cc. separatory funnel, an equal volume of ether was added, and the mixture was 
shaken for ten minutes until it was emulsified. The emulsion was allowed to 
stand overnight at room temperature, at the end of which time the partially 
extracted yolk was carefully drawn off. The upper layer of ether was trans- 
ferred to a glass stoppered flask. The partially extracted egg yolk was again 
treated with an equal volume of ether and separated as above. Both ether 
layers were then combined and evaporated under constant suction for 
forty-eight hours after the odor of ether could no longer be detected. 

At the end of this time a clear, yellow, oily liquid remained with a crystal- 
line sediment. This mixture was centrifuged at 2,000 r.p.m. for half an hour, 
and the clear supernatant oil decanted. The resulting oil was sterilized in a 
boiling water bath for one hour. A small amount of the oil was inoculated 
into pneumococcus broth to test its sterility. No growth had occurred at the 
end of twenty-four and forty-eight hours. 

Tubes of Hohn’s (7), Corper’s, and Steenken and Smith’s media of pH 
6.0-6.4-6.8-7.2 were seeded with very dilute suspensions of H37 (Rv and Ra) 
Ri (Ra and resistant) colonies, and with three undissociated cultures of human 
origin. One loop of sterile egg oil was worked over the surface of each tube of 
medium so that the oil remained in small discrete droplets. During the inocu- 
lation period the tubes were held in a horizontal plane to prevent the oil from 
running to the bottom. 

After incubation it was seen that the living microérganisms that chanced to 
seed themselves in the droplets of oil grew smooth so that one variant could 
not be distinguished from the other. Those developing on parts of surface 
free from oil were differentiated in the usual manner. Control tubes without 
oil grew typical Rv (figure 6) or Ra (figure 8) colonies on all media except for 
an occasional smooth colony which developed in a small oil droplet on Corper’s 
medium. 
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Large quantities of the various microédrganisms were emulsified in egg oil 
until a thick paste was formed of organisms and oil. This pasty mass was 
streaked on the surface of all three media, and again the microdérganisms prop- 
agated in the oil droplets, producing a smooth, creamy macroscopical ap- 
pearance to the resulting growth (figure 2). 


CONCLUSION 


The foregoing experiments demonstrate that the tubercle bacillus will propa- 
gate in egg oil and that the resulting colonies will be smooth and creamy. 
They also show that this smooth appearance will be manifested by both disso- 
ciated variants and by undissociated cultures, and that the resulting colonies 
cannot be differentiated from one another. 

These smooth colonies retain their altered appearance only while they are 
growing in the presence of the egg oil. Since this occurs regardless of the pH 
of the medium, the process cannot be a true dissociation; the smooth form of 
the colony is merely a physical effect of the oil upon its contours. 
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PLATE 1 


1. Ri: Ra growth, Steenken and Smith’s medium pH 6.4, forty-five day growth. X8.5. 

2. Ri: Ra growth in egg oil, Steenken and Smith’s medium pH 6.4, forty-five day growth. 
X<8.5. 

3. R1: Resistant growth, Steenken and Smith’s medium pH 6.4, forty-five day growth. 
X8.5. 

4. R1: Resistant growth, isolated colonies some growing in egg oil, others not. Steenken 
and Smith’s medium pH 6.4, forty-five day growth. 8.5. 

5. Ri: Resistant growth, in egg oil, Steenken and Smith’s medium pH 6.4, forty-five day 


growth. 

6. H37: Rv growth, isolated colonies, Steenken and Smith’s medium pH 6.4, forty-five day 
growth. X8.5. 

7. H37: Rv growth, in egg oil, Steenken and Smith’s medium pH 6.4, forty-five day growth. 

8. H37: Ra growth isolated colonies, Steenken and Smith’s medium pH 6.4, forty-five day 
growth. X8.5. 


9. H37: Ra growth in egg oil, Steenken and Smith’s medium pH 6.4, forty-five day growth. 
X8.5. 

10. H37: Ra growth in egg oil, Steenken and Smith’s medium pH 6.4, seventy day growth. 

X8.5. 
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EDITORIAL 
Extension of the Specialty of Tuberculosis to that of Diseases of the Chest 


It is of interest to attempt an inquiry into the implications of some 
of the recent trends in tuberculosis in the United States. 

The steady decrease in mortality for tuberculosis is too well known to 
require comment: 180 per 100,000 in 1900, 97 in 1920, 49 per 100,000 in 
1937. According to Drolet, most of this decline is due to lowered 
incidence of the disease, rather than lower case fatality rate. A further 
trend, which has perhaps received less attention, is the particular de- 
crease in tuberculosis among the well-to-do classes; in other words, 
tuberculosis is tending to become a disease of the poor. 

The proportion of tuberculosis patients hospitalized has been in- 
creasing: 34 per cent in New York State in 1935, as compared with 8 
per cent in 1915. 

The decline in incidence of tuberculosis, as well as the change in the 
economic status of tuberculous patients as a group, would be expected 
to react adversely upon the numbers seeking private sanatorium care, 
and this has apparently been the case: a tendency to decrease in the 
population of private institutions for the care of tuberculosis. A part 
of this decrease may of course be due to shorter duration of hospital care 
of patients, by reason of artificial pneumothorax and other collapse 
therapy. 

The same economic factors have been in operation in reducing the 
numbers of tuberculous patients seen in private practice, particularly 
those patients able to pay for their medical care. 

The situation has led certain private sanatoria, as well as certain 
physicians specializing in tuberculosis, to include nontuberculous chronic 
pulmonary disease: chronic bronchitis, asthma, bronchiectasis, emphy- 
sema, constrictive fibrosis, with and without complicating cardiac 
failure. In other words, the specialty of tuberculosis is changing, by 
extension, to the specialty of chronic diseases of the chest. 

This is of course not a new trend, and has been recognized, implicitly 
if not explicitly, for some years. Also it would seem to be to the advan- 
tage both of patient and physician that it continue. Patients with 
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chronic nontuberculous pulmonary disease have been to a considerable 
extent without the benefit of a medical field of interest devoted particu- 
larly to their care; and such a patient has often wandered about from 
tuberculosis specialist, to allergist, to nose and throat specialist, to 
cardiologist, and so forth, and still failed to find a physician who could 
make a comprehensive study of his case, and give him sustained and 
adequate care. 

Chronic nontuberculous pulmonary disease, if it offers new opportuni- 
ties for the specialist in tuberculosis, obviously also presents new re- 
sponsibilities and demands new knowledge. 

In these conditions, there is, as always, the problem of aetiology. 
Occasionally a specific cause, bacterial or allergic, can be found, still less 
often specific treatment may be effective. More frequently effective 
therapy comes by way of removal or clearing of local conditions, as with 
sinusitis, bronchiectasis, or other lesions in the tracheobronchial tree. 

As the fibrotic state advances, the therapeutic approach changes, and 
two problems become paramount: first, an evaluation of the degree 
of the patient’s physical disability, and the extent to which his activity 
must be restricted; and second, relief of symptoms—dyspnoea, asthma, 
cough, the manifestations of anoxia, and eventually those of heart failure. 
Both these aspects of therapy demand detailed knowledge: Is the 
dyspnoea due to obstructed air passages, to constrictive changes, to 
anoxia, to pulmonary congestion? Are these factors also important in 
producing asthma or cough? Are there muscular or neuromuscular 
functional disorders that contribute to disability? Most important of 
all, is the heart standing up under the ever-increasing strain of chronic 
pulmonary disease, or has incipient heart failure become a factor in the 
patient’s decompensation? Such questions call for more information 
than can be gained by physical and X-ray examination alone, and must 
be answered not once, but repeatedly as the disease progresses. 

Thus, the specialist in diseases of the chest must cover a field of clin- 
ical, bacteriological, physiological, and pathological study, to be prepared 
to meet the problems that will confront him. 


DICKINSON W. RICHARDS, JR. 
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Philip P. Jacobs 
1879-1940 


A career of devoted service in a single cause is a brief but compre- 
hensive statement of the life work of Philip P. Jacobs, whose death on 
June 12, 1940 is mourned by all who knew him. 

A native of Syracuse, New York, Mr. Jacobs attended high school in 
Binghamton, New York and graduated from Syracuse University in 
1903. Reared in a deeply religious household, it was natural for him to 
turn to the ministry as a calling. He spent three years at Drew Theo- 
logical Seminary and received his B.D. degree from there in 1908. 

However, during these years he found time to associate himself with 
the new and expanding profession of social work as the first secretary 
of the Hospital Committee of the New York State Charities Aid Asso- 
ciation. That experience and the graduate work in sociology at Colum- 
bia University, culminating later in a Ph.D. degree, determined his future 
course of service to his fellow men. 

It is difficult to appraise his contribution in the field of tuberculosis 
and public health. From a staff of three persons in 1908, Dr. Livingston 
Farrand, an office worker and himself in a small two room office, then 
the headquarters of the National Tuberculosis Association, he has 
watched it grow, nay he made it grow, to its present proportions. 

Through the vicissitudes of war, depressions, and changing directors, 
his was the consistent and steady hand which guided the destinies of the 
National Tuberculosis Association, his the alert mind which helped 
determine and carry out the sound policies on which it was based. The 
devoted personality of Philip Jacobs will always be inextricably linked 
with the history of the National Tuberculosis Association. Nor were 
his endeavors in this field confined to the United States alone. Many, 
if not most, of the tuberculosis associations in other lands owe much 
of their inspiration and guidance to his rich experience and helpful 
understanding. The King of Denmark honored Mr. Jacobs in 1924 by 
conferring upon him the title of Chevalier of the Order of Dannebrog. 

But those who knew Mr. Jacobs only through the dynamic energy and 
enthusiasm of his professional duties knew only one side of his life. He 
was a cheery, gentle, generous, sympathetic companion and his hosts of 
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devoted friends throughout the world will feel a sense of personal loss 
in his passing. 

Just before Mr. Jacobs was to have opened an institute for tuberculosis 
workers at New Haven, he was stricken with a heart attack. His condi- 
tion remained serious until his death, although certain signs of improve- 


Philip P. Jacobs 
1879-1940 


ment had given his friends hope. On the day before he died a visitor 
found him full of thoughts of tuberculosis work yet to be done. 

No longer may we who labored with him feel the inspiration of his fine 
presence, but his faith, his loyalty, his high purpose still abide, and we 
must pledge ourselves in his memory to carry on his ideals with the same 
unwavering fealty. 


JESSAMINE S. WHITNEY 
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ROSE LAMPERT GRAFF FOUNDATION PRIZE 


The American Association for Thoracic Surgery announces that the Rose 
Lampert Graff Foundation prize of $250.00 will be awarded in 1941 for the 
best paper dealing with the problem of chest physiology disease submitted to 
the prize committee before March 1, 1941. The competition is open to any 
physician in good standing in Canada or the United States. The papers 
should be sent to the Secretary, Dr. Richard H. Meade, Jr., 2116 Pine Street, 
Philadelphia, without identifying marks but accompanied by a sealed envelope 
enclosing the name and address of the author. The paper submitted for the 
contest, if accepted, becomes the property of the Association and will be pub- 
lished in the Journal of Thoracic Surgery. 
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ARTIFICIAL PNEUMOTHORAX? 


A Resume of Twenty Years’ Experience 
FRANK L. JENNINGS? PETER M. MATTILL’ anp FRANCES C. NEMEC? 


During the past twenty years artificial pneumothorax has been, and 
still is, our first choice among the various procedures used to collapse the 
lung. The reason for this is the advantages which it offers and which 
can be briefly stated: (1) When satisfactory, pneumothorax collapses the 
diseased areas better than any other method. (2) It prevents the for- 
mation of pleural adhesions which are so prone to occur over the diseased 
area. (3) It isa procedure which can be augmented by other measures. 
(4) It may be discontinued with relative ease. 

One can never predict from the examination of a patient whether or 
not pneumothorax can be satisfactorily induced. It is only by trial that 
we ascertain this. It has been our thought that, when this trial did not 
succeed in establishing collapse, other procedures should be used and we 
have endeavored to carry out this policy. Therefore, in reviewing our 
results on patients whom we once considered suitable for treatment, we 
find ourselves not only dealing with artificial pneumothorax therapy but 
with other forms of collapse as well. We find, too, that some of these 
latter procedures were performed prior to the patient’s discharge from 
the Sanatorium and others months or years after their discharge. 

The material for this study is based on a review of all patients on whom 
pneumothorax was considered a suitable form of treatment and who 
were discharged from Glen Lake Sanatorium prior to January 1, 1937. 
There were 1,027 patients on whom pneumothorax was done or consid- 
ered suitable on one side and 144 patients so classified for bilateral col- 
lapse. The patients for the most part were white, the exceptions being 
27 Negroes, 3 Chinese, 2 Hawaiians and 1 Indian. The ages of these 
patients ranged from seven to seventy-four. Most of them (72.5 per 

1 From the Departments of Medicine, Glen Lake Sanatorium, Oak Terrace, Minnesota 
and University of Minnesota, Minneapolis, Minnesota. 


2 Sunnyside Sanatorium, Indianapolis, Indiana. 
3 Glen Lake Sanatorium, Oak Terrace, Minnesota. 
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cent), however, fell in the twenty to forty year age group. The ratio 
of men to women was 1 to 1.54. 

The patients who had unilateral collapse attempted or completed will 
be considered in this article apart from those with a bilateral collapse. 


UNILATERAL PNEUMOTHORAX 


The 1,027 patients considered in this group are classified according to 
the National Tuberculosis Association into the following groups: min- 
imal 21, or 2 per cent; moderately advanced 359, or 34.9 per cent; far 
advanced 647, or 63 per cent. They are still further classified according 
to their ability to take artificial pneumothorax as follows: 


1: No pleural space group: There were 249 patients in whom no free pleural 
space could be found after multiple attempts to induce pneumothorax. 

2: Unsatisfactory: There were 346 patients in this group in whom only a 
portion of the pleural space was found to be free from adhesions and the 
amount of lung collapse was not sufficient to affect either the symptoms or 
the lesion. 

3: Partially satisfactory: There were 111 patients who received some benefit 
from the air induced into the pleural space. Either their symptoms were 
decreased, or their lesions were partly controlled. 

4: Satisfactory: There were 321 patients who were classed as satisfactory, 
because both their symptoms and their tuberculous lesions were completely 
controlled by pneumothorax. 


It is evident then, in the entire group of patients who were thought to 
be suitable for artificial pneumothorax therapy, that one out of every 4 
could not receive this type of treatment because the pleural space had 
been obliterated by adhesions. It is also evident that a satisfactory 
collapse was obtained in only one out of every 3 patients. It is only fair 
to point out, however, that in the first years of our work only 17 per cent 
of our cases were classed as satisfactory, while in the last few years 
35 per cent have received satisfactory collapse. 

Indications: In choosing our first patients for pneumothorax treat- 
ment, we followed the rule laid down by the fathers of this method; 
namely, that only those with tuberculosis in one lung should be given 
pneumothorax. When we obtained our X-ray equipment in 1921 we 
were quite surprised to find that a number of our pneumothorax cases 
had lesions in the contralateral lung. Experience has taught us that the 
majority of all patients with pulmonary tuberculosis are suitable for 
pneumothorax. The exceptions to this rule are the majority of patients 
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with minimal disease, the hopelessly far advanced and the aged. We 
believe that the time to institute pneumothorax is when a short period 
of bed-rest has not resulted in improving the pulmonary lesion or when 
such a proposed period will doubtless fail to bring about improvement. 
Lesions in both lungs, then, are no contraindications in themselves 
to artificial pneumothorax. However, the size and type of lesion in the 
contralateral lung may be a contraindication. Of our 1,027 patients in 
our unilateral group, 68.4 per cent had bilateral lesions and it was inter- 


TABLE 1 
Indications for pneumothorax 


Haemorrhage 
tensive unilateral disease 
(With cavity 562—90.1%) 
(Without cavity 62 

Disease not controlled 

Air to replace fluid 

Not stated 


1,027 100.0% 


Note: Haemorrhage—In classifying these patients, not only frank haemorrhage but spu- 
tum streaked with blood for two or more days was considered under this heading. 

Extensive unilateral disease—This does not mean that the patient necessarily had only 
unilateral disease but that the lesion on the one side was particularly extensive. 

Disease not controlled—During the preliminary period of bed-rest, 23 of these patients 
showed no improvement while 176 others increased their disease. 

Not stated—Most of the cases in this group were started prior to entering the sanatorium. 

Miscellaneous—Pneumonic lesions 3, spontaneous pneumothorax 4, positive sputum 5, 
increase in cough and expectoration 3, marked malaise 1, pneumonia 1, recurrent pleural 
effusion 1, pleuritis 2, basal infiltration 1, planned bilaterals 3, pyopneumothorax 1, to re- 
establish an old pneumothorax 1, encapsulated empyema 1 and bronchiectasis 1. The last 
case had previously had a definite tuberculous lesion with positive sputum. 


esting to find that only a very small proportion of the lesions in the con- 
tralateral lung were aggravated by the use of pneumothorax in the 
opposite side. In fact, most of the lesions either remained stationary or 
improved. A more detailed study of the contralateral lung lesions will 
appear in a subsequent paper. 

The specific indications for the induction of pneumothorax for our 
1,027 patients are given in table 1. 

Complications: Artificial pneumothorax is attended by some risk; 
however, when these risks are compared with the results which are 
obtained, they assume a very, very minor réle. It is our belief that these 
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risks are materially reduced in the hands of a competent operator who 
understands fully their nature. These complications encountered in the 
unilateral group are briefly stated as follows: Subcutaneous emphysema 
occurred in 17 patients in sufficient degree to warrant it being recorded on 
the chart. Accidental or spontaneous pneumothorax is recorded in 25 
patients. It is our opinion that this complication occurs more fre- 
quently than this figure would indicate but that it does not cause symp- 
toms and is therefore overlooked. Pleural shock was recorded in one 
case. This accident occurred in 1928 and we are inclined to believe, if 
the same train of symptoms occurred to-day, it would be classed as an 
airembolus. True air embolism occurred in 2 patients. In one of these 
death occurred in a few minutes, in the other, symptoms lasted for 
twenty-four to thirty-six hours. There was still a third patient in whom 
air embolism caused death, but this accident occurred after she had been 
discharged from the Sanatorium. Mobile mediastinum was observed 
in 17.4 per cent of our patients. Mediastinal hernia occurred in 6.7 
per cent. All of these herniations were in the anterior mediastinum. 
Fluid in appreciable amounts was observed in 53.5 per cent of all patients 
in this study; however, we are of the opinion that fluid occurs in a goodly 
number but in amounts so small that it is not usually observed on fluoro- 
scopic examinations. Empyema was found in 14.3 per cent of all the 
patients. One-half of these cases of empyema occurred in patients whose 
pneumothorax was unsatisfactory. There were 17 patients with bron- 
chopleural fistula. More details regarding these complications will be 
found in another paper.‘ 

Results: Our means of contacting our ex-patients is by annual letters 
and questionnaires and when a special study such as this is made the 
foregoing method is augmented by a visit to many of our patients’ homes. 
Whenever possible their doctor is also consulted. We have been success- 
ful in obtaining information within the last two years on 92.7 per cent 
of our 641 living patients. Of the 7.3 per cent not heard from during 
this period we have recorded the information as given at the time when 
they were last heard from. We believe that we have knowledge of all 
the patients who have died. 

It is apparent, as is shown in chart 1, that a free pleural space is a 
factor which assures the patient of a much better prognosis than he would 
have if the pleural surfaces were united by adhesions. In that group of 


* Accidents and Complications of Artificial Pneumothorax, Am. Rev. Tuberc., 1940, 41, 38. 
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patients in whom we were unable to introduce any air into the pleural 
space, 42.8 per cent were dead in from one to twenty years after their 
discharge from the Sanatorium. 

In the unsatisfactory pneumothorax group our poorest results are 
found. We attribute this to the fact that the treatment in the patients 
with small pneumothoraces was either continued too long in the hope 


1027 Unilateral Cases 
Results 1to20 years later 


No Pleural Unsatis- Partly Satis- 
Space factory Satisfactory factory 
249 Cases 346 Cases Ili Cases 321 Cases 


81.9 


66.2 


Cuart 1 


that a better collapse could be obtained or that their condition was such 
that operative procedures, which would have made the collapse satis- 
factory, could not be done. It is our idea that pneumothoraces which 
do not control the disease should be abandoned and other means of col- 
lapse instituted before complications occur. 

Chart 1 shows also that patients who had the most satisfactory collapse 
and who have the greatest amount of free pleural space were the ones 
that were in the best condition when this study was completed. For 


60- 56.8 
50- 
38.8 
30- 
20— 23.1 | 
20-— 
Living | 
50- Dead 
70- 
| 


436 JENNINGS, MATTILL AND NEMEC 


instance in the satisfactory collapse group there was a higher percentage 
working and a lower percentage dead than in the other groups. 

It has been our custom to bring about the collapse of the lung by other 
procedures when pneumothorax could not be properly instituted. In 
patients able to work, as shown in chart 1, we find that the 38.8 per cent 
in the no pleural space group represents 96 patients. Eighty-six of this 
number had other collapse procedures instituted when pneumothorax 
failed. The 23.1 per cent in the unsatisfactory group who were working 


1027 Unilateral Cases 


Results by years 
3years 4-6 7-10 years 
or less ears years or more 


802% 47| cases 220 cases 88 cases 
"77.3 178.4 
63.8 


15.4 11.4 


7.3 10.2 


Total 
Working 901 


M Living 140 


dead 386 
1027 


CuHart 2 


represents 81 patients. Of this number 65 had further collapse. On the 
other hand in the group who had a satisfactory collapse only 50 of the 
263 patients who were working (satisfactory collapse group) needed any 
further collapse procedure. In 44 of these patients these procedures 
were instituted in from four to ten years after pneumothorax had been 
started. In many of these the lung had been reéxpanded for some time. 

This same material was considered with regard to the patient’s con- 
dition from the standpoint of time after the pneumothorax was attempted 
or instituted and the facts are shown in chart 2. There were 471 patients 
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who were followed for three years or less and of this number 307, or 65.9 
per cent, were dead. Of those patients who died, 282 were patients who 
either did not have any free pleural space or whose pneumothorax was 
unsatisfactory. There were 248 patients who were followed from four 
to six years, and 168, or 63.9 per cent, were working when last heard 
from; 102 of whom were classed in the partially satisfactory or satis- 
factory group. This further emphasizes the fact that the more satis- 
factory the collapse the better the prognosis. 


No Benefit from Pneumothorax 
No pleural space @ unsatisfactory groups 


No further collapse 249 Further collapse 346 


At the end of 3 years 


Min. 2.8 °/ 
M.A. 30.5%. 
FLA. 66.6%. 


Cuart 3 


Patients not benefited by pneumothorax: The value of further collapse 
procedures when pneumothorax cannot be satisfactorily induced can be 
illustrated (chart 3) to some extent by considering the patients in the 
unsatisfactory and no pleural space groups. Of those who had further 
collapse it was found that after three years from the time that pneumo- 
thorax was originally attempted or induced about 1 out of 4 were dead. 
Of those who had no other collapse procedures 3 out of 4 were dead. By 
further collapse we mean that 160 patients had phrenic nerve surgery, 
54 had thoracoplasty, 125 had both phrenic nerve surgery and thoraco- 
plasty and 7 others had a combination of various procedures. These two 
groups of patients were treated over the same period of time in the same 
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institution. Their management was to all intent and purposes the same. 
Their N. T. A. classification was roughly the same. They were all 
considered suitable for pneumothorax and in that respect alike. Statis- 
ticians will argue that these two groups are not comparable in that we 
have not set them off age for age and sex for sex. Nevertheless, with so 
many points in common and with such a striking difference in end results, 
we feel justified in presenting the facts as we have them. 

Patients benefited by pneumothorax: In contrast to the patients just 
considered who received no particular benefit from pneumothorax, namely 
those in the no pleural space and the unsatisfactory groups, are those 
patients who were benefited by pneumothorax, that is, those in the par- 
tially satisfactory and satisfactory groups. It was found, however, that 
it was even necessary for many of these patients to have other collapse 
procedures. These collapse procedures have varied from those which 
aided the pneumothorax to those which replaced it. Then, there have 
have been other patients who have had operations after the pneumo- 
thorax had been abandoned for several years. 

In the 432 patients who were benefited by pneumothorax there were 
48 who had phrenic nerve surgery and 10 who had intrapleural pneumonol- 
ysis. These operative procedures aided in collapsing the lung and were 
done within a relatively short time after pneumothorax was instituted. 
There were 30 patients who had both phrenic nerve surgery and thora- 
coplasty; the former procedures were done for the most part within a 
year after pneumothorax was instituted, while the thoracoplasties were 
performed from three to ten years later. Sixteen patients had a com- 
bination of various types of surgical collapse. Thoracoplasty was used 
alone on 27 patients and with the exception of one, all of these patients 
were operated from four to ten years after pneumothorax was started. 

The study of these patients has shown that the least amount of surgery 
was done on those making up the satisfactory group, and when it was 
done—with the exception of phrenic nerve surgery and intrapleural 
pneumonolysis—it was done late, usually after the lung had reéxpanded. 

Proportionally more surgical procedures were done on those patients 
whose pneumothorax was partially satisfactory and the most on the 
unsatisfactory and no pleural space groups. 

Our study failed to give any information upon the much mooted ques- 
tion of how long a patient should receive artificial pneumothorax. It 
did reveal that both the physicians and the patients in our community 
were loathe to discontinue pneumothorax voluntarily. Both realized 
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that the patient had been greatly improved by this form of treatment 
and they knew too that, if the lesion was not perfectly healed, reéxpansion 
of the lung would tend to aggravate the lesions and, once the lung was 
reéxpanded and had become adherent to the chest wall, some of the other 
forms of surgical collapse would have to be resorted to if the lesions were 


TABLE 2 
Patients benefited by pneumothorax 


Pneumothorax alone 301 
With further collapse 131 


3 YEARS | SYEARS | 7 YEARS | 10 YEARS | 15 YEARS 


Pneumothorax continued 106 71 42 14 
Pneumothorax discontinued 91 25 27 33 
No information 12 1 3 


209 97 72 47 


TABLE 3 
Patients benefited by pneumothorax 


Pneumothorax Discontinued 
Satisfactory and Partly Satisfactory Groups 


OBLITERATIVE FLUID OR REASON NOT 
YEARS AFTER INITIAL PNEUMOTHORAX PLEURITIS EMPYEMA STATED 


24 
19 
10 

3 


l 


3 
1 
1 


37 61 52 32—182 


* 7, doctors advised, 6, uncollapsed cavitation, 2, spontaneous pneumothorax, 1, air em- 
bolus. Others discontinued because there was no doctor in the community to which they 
had moved, still others because they could not afford treatment. 


active. Because of these reasons pneumothorax undoubtedly was con- 
tinued longer in some patients than was necessary. Table 2 shows the 
number of people who continued pneumothorax and the time interval 
between the induction of this procedure and the time we last heard from 
them. It is of interest to note that, of the patients who were getting 
pneumothorax when this information was compiled, 57 had had treatment 
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seven years or more, and of those patients who had discontinued pneu- 
mothorax, 66 had had their lungs collapsed for seven or more years. 


TABLE 4 
Other forms of collapse on patients who discontinued pneumothorax 
Satisfactory and Partly Satisfactory Groups 


THORACOPLASTY 


AND PHRENIC THORACOPLASTY 


PHRENIC 


Before discontinuance 3 


After discontinuance 
6 months or less 11 
6-12 months 6 


2 


22 26 


* 4 phrenic and intrapleural pneumonolysis, 1 intrapleural pneumonolysis. 
+ 1 thoracoplasty and intercostal neurectomy. 
t 1 phrenic and extrapleural pneumonolysis. 


TABLE 5 
Bilateral collapse—period from original pneumothorax to time of last report 


3 YEARS 10 YEARS 
OR LESS 4-6 YEARS 7-10 YEARS OR MORE 


WwiL W DiIW; Wi L 


I. Bilateral pneumothorax 

6 6 

II. Bilateral pneumothorax 
and further collapse... . 

III. Unilateral pneumothorax 
and further collapse 
other side 

IV. No free pleural space both 
sides, bilateral collapse. . 


144 | 50 


W, working; L, living but not working; D, dead. 


Table 3 presents the reasons given by the patients who were benefited 
by pneumothorax and who discontinued it, as well as the period of time 
pneumothorax was continued. It is regrettable that over one-fourth of 
the patients failed to answer the question pertaining to reason for dis- 
continuation. 
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Of those who discontinued their pneumothorax, 82 patients, or 45 per 
cent, had some additional methods of collapse. Table 4 gives the pro- 
cedures and their relation in time to the discontinuation of pneumothorax. 


BILATERAL COLLAPSE 


Bilateral pneumothorax presents an ever-widening field in the treatment 
of pulmonary tuberculosis. It is indicated in active bilateral disease as 
a primary procedure as well as in those patients who have had a unilateral 
pneumothorax for some time and who have had an activation or spread 
of the disease in the contralateral lung. Experience has shown that 
patients tolerate this type of treatment surprisingly well. As in uni- 
lateral collapse, it is found that patients with pneumothorax on both 
sides often have to have their pneumothorax augmented or supplanted 
by other forms of collapse. 

Bilateral pneumothorax was induced or attempted in all of the 144 
patients described below. The N. T. A. classification of these patients 
on admission was far advanced 101; moderately advanced 42; minimal 1. 

These patients were grouped according to their ability to take bilateral 
pneumothorax (table 5). 

Group I: Of the patients who had only bilateral pneumothorax over 
one-half are now dead. It is hoped that this fact alone will not deter 
anyone from instituting bilateral pneumothorax when it is indicated. 
It must be remembered that this experience extends over a period of 
twenty years and we wish to point out that our results the past few years 
have been better than before that time. 

Group II: All patients in this group had previously had bilateral 
pneumothorax but further surgery was done either as an aid to pneu- 
mothorax or to replace it entirely. Forty-two of these patients had a 
simultaneous bilateral pneumothorax and 3 had the alternating type. 
The following surgical procedures were employed on these 45 patients. 

There were 22 patients who had phrenic nerve surgery. In 12 of these, 
this operation was used as an aid to pneumothorax on one side. In one 
of these 12, the phrenic nerve on each side was crushed at different times. 
Two of the 12 also had an intrapleural pneumonolysis on one side. In 
the remaining 10 patients, phrenic nerve surgery was done following the 
discontinuation of pneumothorax on one side. One of the 10 later had 
an intercostal neurectomy done on the side on which pneumothorax was 
continued. Another patient in this group with an alternating bilateral 
pneumothorax had bilateral phrenic nerve surgery. The phrenico- 
exairesis on one side was followed by a phrenemphraxis on the other. 
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There were 5 patients in addition to the 2 mentioned above who had an 
intrapleural pneumonolysis. In 3 of the 7, the operation was done 
at the time when there was a bilateral collapse present. One of these 
had the operation on each side, each time with a unilateral collapse. 

There were 10 patients who had more extensive surgery on one side, 
while the contralateral lung was still collapsed with pneumothorax. 
Three of these had an extrapleural pneumonolysis with paraffin pack and 
7 had thoracoplasty operations. One of the latter continued with bi- 
lateral pneumothorax following the thoracoplasty operation. 

There were 8 patients in whom the pneumothorax was replaced by 
thoracoplasty and in whom the pneumothorax on the other side had been 
discontinued. 

Group III: There were 18 patients who had pneumothorax on one side 
and some form of surgical collapse on the contralateral side. Of these 
there were 10 who had a temporary interruption of the phrenic nerve. In 
8 the bilateral collapse was simultaneous and in 2 the collapse was of the 
alternating type. In one of this group the pneumothorax was replaced 
later with an extrapleural pneumonolysis with paraffin pack; in another 
the phrenic nerve surgery was repeated four times. 

Group IV: There were 3 patients with no free pleural space on either 
side who had bilateral surgery. The operative procedures in each pa- 
tient were as follows: In one there was a phrenicoexairesis on one side 
(left) with an extrapleural pneumonolysis with paraffin pack on the other 
side (right). In another patient there was an extrapleural pneumonolysis 
with paraffin pack on the left with phrenicoexairesis, a thoracoplasty and 
an extrapleural pneumonolysis with paraffin pack on the other side. The 
third patient had bilateral extrapleural pneumonolysis with paraffin pack 
after having had a temporary paralysis of the right phrenic nerve. 

These details have been enumerated because they give a more complete 
idea of the treatment our patients have received. They also strikingly 
emphasize the fact that no treatment for pulmonary tuberculosis is 
complete unless all forms of collapse are available for use as may be 
indicated in each patient. 

The patients in the above four groups were followed for varying periods 
and their status is indicated in table 5. This shows that 76, or 52.8 per 
cent, were living and 68, or 47.2 per cent, were dead for the period of time 
covered by this report. Fifty of the 68 deaths occurred within the first 
three-year period. The highest number of deaths among our unilateral 
patients was also in the first three-year period. 
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SUMMARY 


Our experience over the twenty years shows that one cannot foretell 
from X-ray or physical examination whether or not there are adhesions 
between the two pleurae which will prevent the induction of a satisfactory 
pneumothorax. Of the 1,027 patients in the unilateral group whom we 
felt should have artificial pneumothorax, we found that air could not be 
injected into 249, or 24.2 per cent. 

When the tuberculous lesions cannot be collapsed by pneumothorax we 
feel that other methods of collapse should be used. In patients in whom 
pneumothorax is unsatisfactory or partially satisfactory, we believe that 
it should be abandoned and other methods used or that it should be aug- 
mented by other forms of collapse. There were only 30.3 per cent of our 
patients in the unilateral group who had a satisfactory collapse. It was 
these patients who had the fewer complications and the best end results. 
It is our opinion that, when the tuberculous lesions can be satisfactorily 
controlled by pneumothorax, it offers the best method of collapse and that 
it definitely shortens the period of bed-rest. 

Bilateral pneumothorax is indicated in patients with active bilateral 
tuberculosis, in patients who develop tuberculosis in the contralateral 
lung during unilateral pneumothorax treatment, and in patients whose 
tuberculosis becomes activated in the contralateral lung. 

Surgery plays an important part in producing satisfactory results in 
both the unilateral and bilateral groups who can receive little or no 
benefit from pneumothorax alone. 


We wish to acknowledge our gratitude to Miss Anne McDonnell for the help she has given 
us with many of the details of this study. 
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LEUCOCYTIC COUNTS IN TUBERCULOSIS 
A Comparative Study of Several Methods of Interpretation 


E. M. MEDLAR; A. J. LOTKA? anp M. SPIEGELMAN? 


The discovery by Metchnikoff of the ability of leucocytes to engulf 
foreign bodies by phagocytosis, and the development by Ehrlich of the 
polychrome stain which enabled the certain differentiation of types of 
adult leucocytes, stimulated the study of the leucocytic content of the 
blood in health and disease. An appreciation, through the studies of 
Pasteur, that many human diseases were caused by bacteria, and obser- 
vations that leucocytes ingested bacteria, soon led to the use of leucocytic 
counts to diagnose infectious diseases. Because purulent exudates were 
commonly observed in many infectious diseases, cases of this kind were 
called septic cases, and because in such diseases it was common to find a 
leucocytosis with an increased percentage of neutrophiles, leucocytic 
counts of this type were labeled septic counts. It is still a very common 
practice in clinical pathology to lay great stress upon an increase in total 
leucocytes and a percentage increase of neutrophiles whenever illness is 
thought to be due to a bacterial infection. With a greatly broadened 
study of the leucocytes there has developed an appreciation of the fact 
that these cells participate in a wide range of conditions in which bacteria 
or their products have no concern. Also, histopathological studies have 
established the fact that, at different phases in the progress of bacterial 
infection and of nonbacterial chemical injuries to the tissues, different 
leucocytic types dominate the cellular picture. Serial examinations of 
the circulating leucocytes have shown that the different phases of the 
broad, general, nonspecific process of inflammation and repair may be 
reflected by shifts in the proportional content of leucocytic types. 

While our present knowledge of pathology, of the functional activity 
of leucocytic types and of the leucocytic content of the circulating blood 
is imperfect, certain concepts may be set up as plausible. Characteristic 
histopathological structures, namely, the tubercle, are not specific, un- 
less considered on the basis of purely chemical pathology and unless the 

1 Metropolitan Life Insurance Company Sanatorium, Mount McGregor, New York. 

? Statistical Bureau, Metropolitan Life Insurance Company, New York City. 
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leucocytic types observed in such lesions are there only to discharge their 
particular functional activity. The leucocytic types observed in dam- 
aged tissues are in large part immigrants from the circulating blood. 
If tissue damage is sufficient in volume or in chemical type, this dam- 
age acts as a governor of the proportional leucocytic content of the cir- 
culating blood. Leucocytic counts are not of diagnostic significance 
except in certain malignant blood dyscrasias. Serial leucocytic counts 
can reflect the trend of tissue changes in numerous instances. To inter- 
pret leucocytic counts intelligently, a diagnosis of the existing disease must 
be established and interpretation then be made upon the known pathol- 
ogy of that disease. This does not infer, however, that leucocytic counts 
may not often indicate the presence of a pathological condition, though 
the nature of that condition may lack a diagnosis. When such a condi- 
tion arises the abnormal leucocytic picture should stimulate further 
search for its cause. 

The problem of great moment is how to assign the proper interpreta- 
tion to leucocytic counts. A casual glance at the large volume of lit- 
erature on clinical haematology shows that this problem has received 
much attention. Some of the interpretations employed have implied a 
significance of diagnostic import. By and large, these have failed and 
leucocytic counts have as a result fallen into disrepute. Mention need 
be made only of leucocytosis in acute appendicitis. In such instances it 
is the methods of interpretation and not the circulating leucocytes that 
are at fault. Arneth (1) and later Schilling (2) established the fact that 
when there is a great demand for neutrophiles, less mature forms of this 
cell type increase in the circulation. This method of interpretation has 
not received as wide use as it deserves because two important facts have 
not been stressed. First, there is a time lag in the increase or decrease of 
these cells in the circulating blood. Second, in a disease of long duration, 
such as tuberculosis, haematopoietic tissue of the marrow may increase 
sufficiently in volume to bring the supply of neutrophiles up to a point 
to allow of maturation before emigration to the circulating blood takes 
place. The reader will readily call to mind other methods of leucocytic 
interpretation which have been discarded. In each instance it will be 
found that a wrong premise was entertained. 

In tuberculosis there have been a number of different methods sug- 
gested for interpreting leucocytic counts. It is the purpose of this report 
to compare certain of these methods as applied to one set of data. In 
our present study the immature neutrophile is not considered. This 
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omission is not because information cannot be gained at times from the 
status of the immature neutrophile in the circulating blood, but rather 
because of the chronic course of the disease. We have found that over 
long periods in cases of protracted illness there is no really significant 
“shift to the left” and that this phenomenon enters the picture primarily 
during an exacerbation or spread of the infection. Another reason for 
disregarding the “shift to the left” in this report is that the Schilling 
method of interpretation considers but one phase of one type of leucocyte 
which participates in the pathogenesis of the disease—a very limited 
view of the problem. 

Since leucocytic counts in tuberculosis cannot be of diagnostic signifi- 
cance, a correct clinical diagnosis of the disease must preface their use. 
Whatever interpretation is suggested, it must have as its basis the entire 
pathology of the disease with a correct placement of each leucocytic 
type in the phase where it dominates the picture. This necessitates a 
consideration of the neutrophile, monocyte and lymphocyte on the basis 
of the réle which they play in the general pathological process of inflam- 
mation and repair. 

Leucocytes are present in the circulating blood under normal condi- 
tions of health. Their only significance in disease, then, lies in any 
departure from the picture found during health. The leucocytic content 
of the blood in health presents a very complex picture. This picture is 
composed of six variables, that is, total cells per unit volume, and five 
different functional types of cells, and it is the proportional values of 
these variables that make up the normal picture. To consider but one 
or two of these variables produces a very misleading picture. On the 
other hand, any attempt to deal at once with all of the factors by re- 
fined methods leads to serious difficulties. Accordingly, ways and means 
of helping ourselves with simpler but less precise formulae have been 
devised. 

Fortunately, in tuberculosis the leucocytic variables of importance are 
reduced to four, that is, total cells per unit volume, neutrophile, monocyte 
and lymphocyte. However, each of these variables must be given its com- 
parative value and the values observed are of real significance only when com- 
pared to those of health. Webb, et al. (3) used a ratio, N/(L+M), which 
has merit. This contains the three important cell types on the basis 
of differential percentages but it ignores the total number of leucocytes. 
It also brings out the relation of two cells of different functional activity 
on the one hand, against one type of cell on the other. It does not 
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stress the part the cells perform in the pathogenesis of the disease. A 
comparison with normal values is possible. 

Rosenthal (4) considered the ratio N/L as of great significance in 
tuberculous patients and recommended its use in interpreting leucocytic 
counts. This method leaves out of consideration the monocyte and the 
total leucocytic count. 

Cunningham, et al. (5) used all four variables by graphing the total 
number of neutrophiles, lymphocytes and monocytes and then consider- 
ing the relationship of these graphs with each other. Méedlar (6) pro- 
posed a similar method, to which limits for the higher values of neutro- 
philes and monocytes and for the lower values of lymphocytes in health 
were added. Such graphic presentation is probably the best way to show 
the leucocytic picture in tuberculosis, but it is rather too complex to 
enable an easy and quick interpretation. Medlar, more so than Cunning- 
ham, e¢ al., stresses the pathological interpretation of such graphs. 

Cunningham, ef al. (5) suggested the use of a single ratio (M/L), in 
preference to the graphs of total leucocytes, neutrophiles, lymphocytes 
and monocytes. This ratio ignores entirely two very important vari- 
ables, the total leucocytic count and the neutrophiles, and because of 
these omissions a distorted picture is presented. Comparison with 
normal values is possible. The chief fault of the ratio is that entirely 
too much stress is given to the monocyte. No one questions the very 
important part played by this type of cell in certain phases of tubercu- 
losis, and great credit accrues to Cunningham, e¢ al. for establishing its 
importance. It is not, however, specific for tuberculosis, and certainly 
is of no greater significance than the neutrophile and the lymphocyte in 
the complete picture of the disease. 

In 1935 Crawford and Medlar (7) reported on a leucocytic index which 
included all four variables. The purpose of this was to obtain a single 
index, that is, a progression of numbers from 0 upwards, based upon the 
four variables, and indicating the increasing severity of the pathology 
in tuberculosis as the disease progresses. To simplify the procedure a 
calculator was devised. The formulae used were in part rational, and in 
part empirical, the latter being based upon an extensive study of leu- 
cocytic counts in tuberculosis. The index devised hinges on the N/L 
ratio, with assigned values, in terms of this ratio, for abnormalities in 
monocytic percentages and in total leucocytic counts. The N/L ratio 
was chosen because these cells represented about 90 per cent of all 
leucocytes in normal circulating blood, and because they are also charac- 
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teristic of the acute inflammatory and the late reparative phases of 
tuberculosis. Having thus established a progression of numbers, that is, 
of values of the leucocytic index, it was possible to interpret, strictly on 
the basis of the pathology of the disease, the significance of groups of 
numbers. Thus indices from 0 to 15 were interpreted as favorable, 16 to 
26 tending toward unfavorable, and above 26 distinctly unfavorable, the 
higher the index number the more unfavorable the disease. When 
leucocytic counts on normal healthy people were taken into consideration, 
it was found that for a tuberculous individual to come within the normal 
range a leucocytic index below 27 must be maintained. This is shown by 
a compilation from data available in our laboratory, of leucocytic indices 
from 545 leucocytic counts on 50 healthy persons at work and with no 
demonstrable clinical ailment. This compilation gave the following 
percentages: indices 30 or over, 2.4 per cent; 27 or over, 7.7 per cent; 26 
or less, 92.3 per cent; and 20 or less, 67 per cent. It would seem but 
reasonable that the least to be desired in the interest of the patient from 
the standpoint of the disease would be for all tuberculous cases to show 
on serial examinations a leucocytic picture comparable to the above nor- 
mal. By making a graph of serial leucocytic indices of individual cases, 
or groups of cases, and by drawing a line at 26, the upper limit of true 
normality, one can very clearly see how far the indices are from the base 
line of zero, the pathological ideal, and also whether the indices remain 
within the range of healthy normal persons. This method of inter- 
pretation is not without its shortcomings, but it does give an easy graphic 
method for visualizing the pathological status of a case. The greatest 
drawback is that definite interpretations cannot be made until the leu- 
cocytic indices pass above their normal range although it is possible that 
leucocytic indices above 20 may be of definite significance in cases of 
moderately or far advanced tuberculosis. 

Boissevain, e¢ al. (8) have advocated the use of total neutrophiles as 
the method of choice in interpreting leucocytic counts in tuberculous 
cases. They arrive at this conclusion from correlation studies of numer- 
ous clinical and laboratory findings, the clinical status of tuberculous 
patients several years after discharge from institutional care being used 
as the yardstick for comparison. In this method two variables (mono- 
cytes and lymphocytes) are ignored and a misleading picture may be 
obtained because of this omission. 

Elwood and de Cecio (9) have presented a correlation study much less 
complete than that of Boissevain, et al. These authors reach the con- 
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clusion that a careful roentgenological-clinical follow-up is quite supe- 
rior to the leucocytic count, “however scientifically sound,” in the 
management of tuberculous patients. 

A comparison of the different methods of interpreting leucocytic 
counts in tuberculosis, using the same group of counts, would seem to be 
of real value to determine whether there may be a choice as to the best 
method to use. The authors have not found such a comparison in the 
literature and it is the purpose of this paper to present it. 


DIFFERENCES BETWEEN GROUPS 


Method of procedure: In making the comparisons, the yardstick must 
of necessity be the average for each method as found in normal healthy 
persons. The criterion for evaluating each method would be the con- 
formity to or divergence of the average for each tuberculous group from 
the average for the normal group. To make these comparisons of the 
various methods of interpreting the leucocytic picture, six groups, con- 
sisting of from 15 to 25 persons, were selected, the period of observation 
being closed in February, 1938, and some of the series extending back as 
far as 1927. Incidentally, an investigation was also made of the degree 
of uniformity with regard to each of the blood indices, of the cases 


comprised respectively within the normal group and within each of the 
tuberculous groups. 
The groups selected for study were as follows: 


1: Normal healthy individuals (25 persons—374 leucocytic counts). 

2: Patients who on discharge from the sanatorium were considered patho- 
logically favorable, and who had remained at work, without relapse, more than 
five years (25 persons—614 leucocytic counts used). Selection of this group 
was made by using the last 6 leucocytic counts prior to discharge. 

3: Patients who were considered clinically favorable, and who had remained 
at work more than five years, without relapse, after discharge from the sana- 
torium (22 persons—532 leucocytic counts used). 

4: Patients who had relapsed within five years after discharge from the sana- 
torium (24 persons—467 leucocytic counts used). 

5: Patients undergoing sanatorium treatment and considered as clinically 
unfavorable (15 persons—236 leucocytic counts used). 

6: Patients who had died from tuberculosis in the institution (18 persons— 
233 leucocytic counts used). 


For the normal group, weekly leucocytic counts over a period of three 
months were available. Each person included in the normal group had 
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a good health history and had no demonstrable disease when the study 
was undertaken, as judged by careful physical examination and by 
roentgenograms of the chest. In all the other groups, leucocytic records 
for more than six months were at hand, but only those counts done during 
the last six months of each case were used in this study. In groups 2 to 
6, all patients were diagnosed as clinically active with moderately or 
far advanced disease on admission to the hospital. Group 2 was selected 
from the leucocytic records, which were interpreted as pathologically 
favorable on discharge from the institution. These patients were judged 
to be pathologically favorable if the last six leucocytic indices were all 
below 27. Groups 3, 4, 5 and 6 were selected on clinical interpretations, 
without any reference to the leucocytic records. 

On each leucocytic count the total number of neutrophiles, monocytes 
and lymphocytes, the N/L, the L/M, N/(L+M) and the leucocytic 
index were determined. The average for each of these various indices 
for all of the leucocytic counts for each group, and the standard error of 
each average was determined. We have then the averages corresponding 
to seven possible methods of interpreting leucocytic counts in five groups 
of tuberculous patients and one group of normal persons. Table 1 gives 
these averages with their standard error. 

It is now possible to compare the five tuberculous groups with each 
other and with the group of normal persons. The differences between 
groups and the standard error of these differences are presented in 
table 2. 

Results: Table 2, giving differences of the averages between groups for 
the various blood indices, shows that each group is significantly different 
from all the other groups, except as follows: 


(a) There is no significant difference in the L/M ratio when groups 1 and 2 
are compared. 

(6) The total neutrophiles and total monocytes are not significantly different 
when groups 1 and 4 are compared. 

(c) The total monocytes are not significantly different when groups 2 and 3 
are compared. 

(d) The total lymphocytes are not significantly different when groups 3 and 
4 are compared. 

(e) The total monocytes are not significantly different when groups 5 and 6 
are compared. 


In the comparison between groups 1 and 2 it is to be noted that in all 
of the blood indices, except the L/M, there is a significant increase or 
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TABLE 1 
Averages of several blood indices for a group of normal persons and for certain specified groups of tuberculous persons 


LEUCOCYTIC COUNTS 
INCLUDED IN 
AVERAGES 


AVERAGE INDEX PER GROUP 


Total cells in hundreds 


Cell ratios 


L 


L/M 


N/(L + M) 


Leucocytic 
index 


. Normal persons 
. Pathologically favorable 


on discharge: working 
five years or longer 


. Clinically favorable on 


discharge: working five 
years or longer 


. Clinical relapse within 


five years after dis- 
charge 


. Clinically unfavorable: 


undergoing treatment 


. Died at hospital 


All counts 

Counts of last 
six months of 
hospital resi- 
dence only 

Similar to 2 


Similar to 2 


Similar to 2 


Similar to 2 


.67 


47.08 + .58 


42.70 + .57 


65.06 +1.32 


90.70 +2.12 


24.28 +.31 
25.54 +.29 


19.29 + .28 


19.94 + .32 


17.23 +.42 


14.93 + .43 


6.41 +.10 


5.99 +.10 


9.60 + .29 


10.33 +.32 


2.63 +.04 


2.43 + .06 


4.29 +.13 


7.29 +.30 


4.33 +.06 
4.31 +.05 


3.23 +.05 


3.65 +.07 


2.10 + .08 


1.67 +.06 


1.45 +.02 
1.26 + .02 


1,94 + .03 


1.81 + .04 


2.67 +.07 


3.91 +.12 


15.61 + .46 
12.74 + .35 


26.84 + .47 


23.82 + .65 


45.83 41.18 


80.05 +3.13 


Note: In this and following tables the figures after the + sign denote the standard error. 
its standard error is regarded as statistically significant. 


In any instance a finding equal to or exceeding twice 
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decrease from normal in group 2. In other words, the leucocytic picture 
deviates from the normal in that there is a significant decrease in neutro- 
philes and a significant increase in lymphocytes and monocytes. From a 
purely pathological point of view this is a favorable condition, and it 
would be still more favorable if the monocytes as well as the neutrophiles 
would show a decrease. The most favorable leucocytic picture in tuber- 
culosis is one which would be abnormal for a person in normal health, in 
that there is a relative increase of lymphocytes at the expense of the 
neutrophiles and the monocytes. 

Another interesting point in the comparison is that group 3, the favor- 
able clinical group, is significantly different from group 1 in respect to 
each of the blood indices. Here an increase occurs in N, M, N/L, 
N/(L+M) and leucocytic index, and a decrease in L and L/M. Group 
3 fails to show a normal leucocytic picture, but rather exhibits one with 
a trend toward the clinically unfavorable, group 5. The leucocytic 
picture disagrees with the clinical picture, being more unfavorable than 
the latter from a purely pathological viewpoint. Such differences are so 
common in tuberculosis that there is a strong tendency to regard them 
as of no particular consequence. It must be borne in mind, however, 
that in spite of the very favorable clinical outlook, this group has not 
returned to the leucocytic level of normal healthy persons. Incidentally, 
it may be noted that a survey of the individuals composing this group 
revealed that 8 of the 22 had a pathologically favorable leucocytic picture 
at the time of discharge. If these 8 individuals be removed, the averages 
for the 14 remaining show a greater shift from the averages of group 1 
toward those of group 5. While these 14 cases have remained free from 
clinical symptoms sufficient to warrant sanatorium care, the records 
definitely indicate that the leucocytic picture for each case was beyond 
the average of the normal group. 

Another point of interest is that the total neutrophiles in groups 1 and 
4 are not significantly different. The same thing is true of the total 
monocytes. In brief, both the total neutrophiles and the total monocytes 
taken by themselves would indicate that group 4 has normal blood counts 
while the other methods all indicate a trend toward unfavorable devel- 
opment. 

Of the six instances where no difference of significance was found as 
between groups, five occurred when total cells were compared; monocytes 
three times, lymphocytes and neutrophiles once each. This would 
suggest that these indicators are less discriminative between groups than 
some of the other methods of interpretation. 
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It will be seen in table 1, and by graphic representation in figure 1, 
that for practically all of the blood indices there is an essential gradation 
in the averages in passing from group 1 to group 6, though some excep- 
tions in the order of rank occur. In other words, as the unfavorable 
status of the disease increases, the leucocytic picture indicates this trend. 
It should be borne in mind, however, that there are definite limits beyond 
which the leucocytic trend cannot go. Within its limitations this trend 
would seem to be indicative of the pathological trend. These findings 
may or may not be at variance with clinical impressions. 

Since in tables 1 and 2 and also in figure 1 it is seen that all seven of 
the blood indices under examination show rather consistently similar 
trends, it remains to determine whether one or the other of these indices 
exhibits sufficient preference to warrant its adoption, as revealing the 
greatest variation from the normal. It also remains to be determined 
whether the method which shows the greatest variation in one comparison 
between groups will do the same in other comparisons. As already in- 
dicated, one of the most important results that any method of interpre- 
tation could accomplish would be to bring into sharp contrast the 
differences between the normal and the other groups, and the method or 
methods which do this most effectively should be given preference. To 
test each method in this respect, the ratio of the differences between 
specified groups to the corresponding standard errors was determined. 
These ratios are shown in table 3. 

The interpretation of the figures shown in the first panel of table 3 
must rest upon the assumption that the leucocytic counts in the normal 
group are an acceptable sample. As stated above, the individuals 
composing group 1 were carefully selected on a basis of health history, 
physical examination and roentgenograms of the chest. All leucocytic 
counts done have been included regardless of the fact that many of those 
which deviated greatly from the average could be accounted for by 
temporary illness. A conscious effort has been made to present an un- 
biased sample from persons who were clinically normal at the time the 
leucocytic counts were begun. 

According to the data presented in table 3, the leucocytic index is the 
most discriminating in differentiating groups 3, 4 and 5 from group 1. 
When groups 1 and 2 are compared, it is seen that the ratio N/(L+M) 
has the greatest power of discrimination, whereas the leucocytic index 
ranks third. However, it must be remembered that group 2 was chosen 
on the basis of a favorable leucocytic index, a condition already existing 
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in group 1. In the comparison between groups 1 and 6, the ratio L/M 
is most successful in differentiating the groups. Thus, as a means for 
differentiating the five tuberculous groups from the normal group, the 


TABLE 3 
Ratio of differences in averages to standard error of differences, between specified groups, as regards 
their several blood indices 


BLOOD INDEX 


Total cells 


Ratios 


L 


M 


N/L 


L/M 


| N/L+™M) 


Leucocytic 
index 


Average for group 1 subtracted from average for specified groups 


3.0 
11.9 
9.6 
13.6 
17.6 


3.5 
3.9 
12.3 
13.4 


5.8 
16.0 
8.6 
18.9 
18.2 


.3* 
13.8 
7.6 
22.3 

(33.3) 


(6.3) 
12.3 
9.0 
17.4 
20.5 


4.9 
(17.0) 
(10.3) 
(23.8) 

20.4 


Average for group 2 subtracted from average for specified groups 


15.6 
13.0 
16.3 
20.4 


4 
2.8 
10.8 
12.0 


(25.8) 
13.8 
20.7 
19.0 


15.4 

7.3 

24.6 
(33.0) 


17.0 
13.8 
20.1 
22.1 


23.9 
(15.0) 
(26.9) 

21.4 


Average for group 3 subtracted from average for specified groups 


(5.4) 
12.5 
(19.8) 


3.0 
10.3 
11.5 


2.9 
11.9 
15.5 


4.7 
12.6 
19.5 


ofl 
16.4 


3.8 
(15.0) 
16.8 


Average for group 4 subtracted from average for specified groups 


15.5 
21.8 


5.1 
9.3 


11.6 
12.8 


13.3 


15.7 


14.1 
(22.0) 


10.8 
16.2 


(16.3) 
17.6 


Average for group 5 subtracted from average for specified group 


6 (10.3) | 3.8 91 | 4.3 | 


Note: Excepting the cases marked thus *, all the differences are statistically significant. 
Parentheses enclose figures showing greatest degree of difference. 


1.7° | 8.9 | 10.2 


leucocytic index was most successful in three of the comparisons, and the 
ratios L/M and N/(L+M) in one each. 

For the purpose of judging the discriminating power of the various 
blood indices in the light of all the comparisons that may be made 
between groups, reference should be made to table 4. 
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In this table, ranks are assigned to each of the seven blood indices, in 
accordance with the figures in table 3. For example, in the comparison 
between group 1 and group 5, it will be seen that the highest figure for 
the ratio of the difference between the averages to its standard error, 
namely 23.8, occurs in the last column headed ‘“Leucocytic Index.” 
Accordingly, in this comparison the leucocytic index received rank 1. 
Next in order in the same comparison comes the ratio L/M with the figure 
22.3, so that L/M is here assigned rank 2, etc. The results of this rank- 
ing, as already stated, are shown in table 4; it should be noted that in 
this table a low total score shown in the last column corresponds to 
high rank. 


TABLE 4 
Comparison of the various blood indices as criteria for differentiating between the several groups 
specified in table 3 
Number of instances in which the various types of blood indices scored ranks 1 to 7 in each 
line of comparison in table 3 


RANK 
TYPE OF INDEX 
1 2 3 4 5 6 7 

Leucocytic index........... 7 2 4 2 — — —_— 31 
3 4 1 1 3 1 53 
1 3 3 3 4 1 54 


* Low score corresponds to high rank. 


In table 4 a perfect score, corresponding to the most effective differ- 
entiation between groups, would be 15. The leucocytic index easily 
outranks all others as a criterion for differentiating between the various 
groups, and, according to this standard, becomes the method of choice 
for interpreting leucocytic counts when differences between groups of 
cases are the point of interest. As noted above, the leucocytic index - 
devised by Crawford and Medlar (7) is largely influenced by the ratio 
N/L, which is shown, in table 4, to occupy only a median position as a 
gauge in differentiating between groups. It is the introduction of an 
additional allowance for abnormalities of monocytes and for the total 
leucocytic count that renders the leucocytic index superior. In other 
words, it becomes evident that failure in any particular method to in- 
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clude all the four variables, N, L, M and total count, renders such method 
inferior for interpreting the pathological significance of leucocytic counts. 

Other tests of differences: So far attention has been centered upon the 
variation in leucocytic counts between the several groups 1 to 6. While 
this is our main objective, it is also of interest to examine the variations 
of the counts for the several individuals within each group. For present 
purposes, the examination will be restricted to the leucocytic index, the 
ratio L/M, and the total neutrophiles, which have been shown in table 
4, to rank first, second and third, respectively, as criteria for differ- 
entiating between the several groups. It will also be sufficient to confine 
the study of the variation to the normal (group 1), the pathologically 
favorable (group 2) and to those who have died from tuberculosis 
(group 6). 
bi Before entering into an examination of the variation of the counts in 
individuals, it will first be necessary to establish normal limits of variation 
in the leucocytic index, the ratio L/M and the total neutrophiles in the 
normal group 1. On a previous occasion, Medlar indicated that a 
leucocytic index of 27 or more may signify the presence of an unfavorable 
lesion. Among the 374 counts observed in the normal group 1, only 36, 
or 9.6 per cent, fell into this unfavorable range.* It happens that in 
about the same proportion of the 374 counts the ratio L/M was less than 
3 and the total neutrophiles were over 6,000. Actually, 32, or 8.5 per 
cent of the ratio L/M, and 31, or 8.3 per cent of the total neutrophiles, 
fell in the ranges indicated (see table 5). In view of this situation, the 
limits of a normal leucocytic picture were taken as 26 in the case of the 
leucocytic index; 3 for the ratio L/M; and 6,000 for the total neutrophiles. 

By referring to the lower tier of table 5, it will be seen that group 2 
showed a lower proportion of abnormal values for the leucocytic index 
and for the total neutrophiles than did group 1. On the other hand there 
was a higher proportion of abnormal values for the ratio L/M in group 2 
than in group 1. Since none of the persons in group 2 had experienced 
further trouble with their tuberculosis in more than five years after dis- 
charge from the hospital, it appears that the leucocytic index and the 
total neutrophiles were .a better indication at the time of their discharge 
than the ratio L/M, as to the subsequent outcome. 

Group 6, in table 5, presents a picture diametrically opposite to that 
of group 1. From the data in the table, it will be observed that in this 


® More than one-third of such indices were found to have occurred at a time when severe 
“colds,” gastrointestinal upsets, etc. were noted in the records. 
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group of persons who had died several normal values for the leucocytic 
index, the ratio L/M, and the total neutrophiles were found within the 
six months prior to death. In such instances, no interpretation of a 
pathological nature can be given. However, the frequency with which 
such normal values were found in each type of index are of some interest. 
In the case of the total neutrophiles, normal values of 6,000 or less were 
found in 19.7 per cent of the counts; a ratio L/M of three or more was 
found in 9.0 per cent of the counts; and a leucocytic index of 26 or less 
in less than one per cent of the counts. Thus, for these cases who died, 
within the six months prior to death normal values for total neutrophiles 


TABLE 5 
Distribution of the leucocytic index, the ratio L/M, and the total neutrophiles in groups 1, 2 and 
6 into normal and abnormal ranges 


LEUCOCYTIC INDEX RATIO L/M TOTAL NEUTROPHILES 
NUMBER 
OF COUNTS 


Less than 27 | 27 or more 3 or more | fLess than 3 6,000 or less | Over 6,000 


Number of observations 


36 342 | 32 
29 538 16 
231 21 212 


Per cent distribution 


100.0 
100.0 
100.0 


were frequently observed, normal ratios L/M were infrequently observed, 
and normal values for the leucocytic index were a very rare occurrence. 

Serial leucocytic counts are of importance in the study of tuberculous 
patients, regardless of the method used to interpret them; in this way the 
extent of the variation of the disease, and its trend, may be observed in 
each individual. We proceed, therefore, to the examination of the range, 
and the average, of the leucocytic index, the ratio L/M, and the total 
neutrophiles for each individual in the normal group 1, the pathologically 
favorable tuberculous group 2, and the dead group 6. These data are 
presented graphically in figures 2, 3 and 4. 

In the first place, it will be observed that for each type of index, the 
leucocytic index, the ratio L/M, and the total neutrophiles, the ranges 
and the averages for the individual cases in groups 1 and 2 tend to fall 


1 374 338 343 31 
2 614 585 581 33 
6 233 2 46 187 
1 90.4 9.6 91.4 8.6 91.7 8.3 
2 95.3 4.7 87.6 12.4 94.6 5.4 
6 9 99.1 9.0 91.0 19.7 80.3 
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within the same limited field. Second, the average leucocytic index 
(figure 2) and the average ratio L/M (figure 3) for each individual in 
group 6 is seen to be distinctly different from the average of any individ- 
ual in group 1, despite the fact that there is an overlapping in the range 
of the leucocytic counts among individuals in the two groups. However, 
in the case of the total neutrophiles (figure 4), it is seen that 3 out of the 
18 individuals in group 6 have averages and ranges not materially differ- 
ent from those of several individuals in group 1. In the remaining 15 
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Based upon counts included within the last 
six months of observation in each case 
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© Shows location of average Leucocytic index for each case 


Fig. 2. 


individuals in group 6, the average for each lies outside the range of the 
averages for individuals in group 1. It is quite evident that individuals 
in groups 1 and 6 are not as clearly separated by the total neutrophiles as 
by the leucocytic index or the ratio L/M. 

In our experience, it has been found that tuberculous patients who 
are seriously ill frequently have total leucocytic counts of less than 7,000. 
This situation affects the total neutrophile count and is a factor in the 
failure of this index to indicate the severity of the pathological condition 
in about one-fifth of the leucocytic counts in group 6. Because of this, 
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an interpretation based upon the total neutrophiles seems distinctly 
inferior to one based upon either the ratio L/M or the leucocytic index, 
whenever evidence of a serious pathological condition is sought. Sight 
must not be lost of the fact that the proportional distribution of neutro- 
philes, lymphocytes and monocytes is distinctly abnormal whenever a 
person is seriously ill with tuberculosis, regardless of the total number of 
leucocytes in the circulating blood. 


LYMPHOCYTES TO 
MONOCYTES (L/M) 
12 


RANGE AND AVERAGE OF RATIO OF LYMPHOCYTES TO MONOCYTES (L/M) FOR 
EACH PERSON IN GROUPS 1, Il AND VI 


Based upon counts included within the last 
six months of observation in each case 


| Hh 


GROUP | GROUP Ii GROUP VI 
0 Shows location of average ratio (L/M) for each case 


Fig.3. 


In view of the foregoing considerations, the total neutrophiles may be 
disregarded and the comparison restricted to the leucocytic index and the 
ratio L/M. Between the two, the leucocytic index is preferable, since 
it gave less evidence of abnormality in group 2, which time has shown to 
be a favorable tuberculous group, and because it gave less evidence of a 
normal condition in the group of tuberculous patients who died from the 
disease. 

In the analyses above, the leucocytic index has been shown to be 
superior to all other proposed indices, and in particular to the ratio L/M 


| 
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and the total neutrophiles, in its power of differentiating between groups. 
In so far as the monocytes in the ratio L/M and the leucocytic index are 
concerned, it may be objected that, since Wright’s instead of a supravital 
stain has been used in our laboratory, the correct values for the monocytes 
have not been obtained. It is admitted that the supravital method of 
staining is superior for the certain identification of the younger forms of 
monocytes; it is also our opinion that, in the identification of the more 
mature forms of this cell type, Wright’s stain is as reliable as is the supra- 
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Fig. 4. 
vital method. In our files more than 50,000 leucocytic counts are avail- 
able on over 500 tuberculous cases. From these data it is our experience 
that instances with immature forms of monocytes in the circulating 
blood in considerable numbers are rare. This does not apply to acute 
experimental tuberculosis in rabbits or guinea pigs where immature 
monocytes occur in considerable numbers during a major portion of the 
disease. In making differential counts, our routine procedure is to count 
400 leucocytes and it is not uncommon to obtain monocytic percentages 
two or three times above the normal average. It is quite unlikely that 
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we have failed to identify monocytes except in cases where very immature 
forms may have been present. This exception is so rare that it would 
not materially alter the data presented here. Additional monocytic 
percentages would alter the leucocytic index as well as the ratio L/M. 

There is still another consideration which might perchance render the 
L/M ratio inferior in differentiating between groups, namely, that there 
are certain factors in the situation, as indicated ini what follows, which 
cause a greater proportional shift in the leucocytic index than in the 
ratio L/M. To determine whether this is so, a comparison was made 
between the average of the first twelve and the average of the last twelve 
leucocytic counts on patients who had died from tuberculosis at the 
sanatorium. ‘There were 21 such cases on whom long series of leucocytic 
records were available. In this group there were only 3 who showed a 
consistently high monocytic percentage. In the majority of the cases 
there was a fluctuation of the monocytes between normal and increased 
values, and in a minority there was no increase of the monocytes at any 
time. From this latter group, 3 cases were chosen to compare with the 
3 with high monocytic values. The data and comparisons are presented 
in table 6. 

Table 6 shows that in all of the comparisons the lymphocytic and mono- 
cytic percentages move in the same direction, that is, there is either a 
decrease or an increase of both cell types. As between the neutrophilic 
and lymphocytic percentages, an increase of one is always accompanied 
by a decrease of the other. In all instances the greatest proportionate 
increase or decrease between the first and last group of leucocytic counts 
was in the percentage of lymphocytes. This characteristic affects both 
the L/M and the N/L ratios. Since, with an increase or decrease of 
lymphocytes, the monocytes vary in the same direction and the neu- 
trophiles in an opposite direction (although the shifts of both these cell 
types are of smaller proportions than that of the lymphocytes) we find 
that the ratio N/L is affected more than is the ratio L/M. And, since 
the ratio N/L is a factor of great importance in the leucocytic index, a 
greater proportional shift occurs in this index than in the ratio L/M. 
This consideration may explain the greater discriminative power of the 
leucocytic index as between groups. 

In table 3 it was shown that between groups 5 and 6 the total neutro- 
philes was the most discriminative characteristic, with the leucocytic 
index ranking a close second and the ratio L/M ranking fifth. In table 6 
the changes noted between the first and last twelve counts for the group 
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of 21 cases show a 14 per cent increase of total neutrophiles, a 13 per cent 
decrease of the ratio L/M and a 35 per cent increase of the leucocytic 
index. In other words, as the group progressed toward death the leuco- 
cytic index showed this change more clearly than did the total neutro- 


TABLE 6 


A comparison of averages of the first 12 leucocytic counts with averages of the last 12 leucocytic 
counts on a group of cases who have died from tuberculosis in the institution 


DIFFERENTIAL TOTAL NUMBER OF RATIOS 
PERCENTAGES CELLS IN HUNDREDS 


Total of 21 cases 


Average of 
A—first 12 counts... j 80.9 11.57 
B—last 12 counts.... 3. 92.0] 15.7) 11.39 

Difference: B— A 11.1 .7| —.18 

Ratio of difference to 

its standard error. . ‘ 4.2 .37 5.9 


3 cases with monocytes always within limits of normal persons 


Average of 
A—first 12 counts... 17.3} 8.28 .7| 19.6) 9.47) 4. 2.36) 3. 51.6 
B—last 12 counts.... -7| 10.2} 6.56 12.7] 8.31 1.76) 5. 112.8 

Difference: B-A .6|—7.1/—1.72 .7|—6.9}—1.16} 5.97)/—.60} 2. 61.2 

Ratio of difference to 

its standard error. . ‘ 6.5 5.0} 1.4 d 2.40) 5.4 4.9 


3 cases with consistent elevation of monocytes above limits 
of normal persons 


Average of 
A—first 12 counts... - 108.6} 20.9] 21.17} 5.61 


B—last 12 counts.... 71.7) 25.3) 17.86} 3.18 
Difference: B-A 4 —36.9| 4.4/—3.31|—2.43 
Ratio of difference to 

its standard error. . 2.1 6.8 54 


philes or the ratio L/M. A similar situation is present in the group of 3 
cases who had their monocytes always within a normal percentage. 

Of especial interest is the group of 3 cases which showed a consistent 
increase of monocytes throughout the period they were studied. Cases 
of this type are infrequent, according to our observations, and it is impor- 
tant to determine whether the total neutrophiles or the ratio L/M may 
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indicate the trend of such cases better than the leucocytic index. Refer- 
ence to table 6 shows that in the comparison of the first with the last 
twelve counts there has occurred a decrease of the total neutrophiles (34 
per cent) and of the leucocytic index (38 per cent) and an increase of the 
ratio L/M (41 per cent). All of these changes suggest some diminution 
in the severity of the lesions, although a very unfavorable type of disease 
is still indicated in spite of the shifts that have occurred. And in the 
shifts all three are about of the same proportion; ranging from 34 per 
cent in the total neutrophiles to 41 per cent in the ratio L/M. From 
this it would appear that the leucocytic index is as useful as the other 
methods in interpreting the pathological trend in such cases. 

From the above analysis it is apparent that, when the trend of the 
disease in seriously ill tuberculous cases is being considered, the leuco- 
cytic index is on a par as a criterion as the total neutrophiles and the 
ratio L/M in the unusual cases, and is superior to them in the majority 
of cases. 


TEST OF HOMOGENEITY WITHIN GROUPS 


Just as a test is applicable to two sets of observations‘ to determine 
whether they differ significantly from one another in their means, so, 
when a group of more than two sets of observations is given, a test can 
be applied to determine whether they are essentially heterogeneous or 
homogeneous among themselves, that is, whether or not there are any 
sets in the group whose mean with regard to a particular character dif- 
fers significantly from that of other sets in the group.5 Such a test 
has been applied to the data of the present study. The result shows 
that none of the groups are fundamentally homogeneous as regards any 
one of the blood indices.* The ideal situation would be realized in a 
blood index which would have the greatest power to discriminate between 
grcups, but would ot show significant variation from person to person, 
within any one group. Of these two requirements for the ideal situation, 
the former is the more important and is realized in greater degree by the 
leucocytic index than by any of the other blood indices here discussed. 

That there is much variation within each group in the blood counts, 


‘ Such as, for example, the leucocytic index readings for individuals A and B in group 4. 

5 For details regarding the application of this test, the reader is referred to Calculation and 
Interpretation of Analysis of Variance and Covariance by G. W. Snedecor, Collegiate Press, 
Ames, Iowa. 

6 This was true even though only those counts taken within six months prior to discharge 
or death were included in the computation. 
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even for one individual, is not surprising to those familiar with this kind 
of observation. It is, however, interesting to note that a nearer approach 
to uniformity can be obtained by judiciously and systematically restrict- 
ing the counts included in a given test. Thus, the summary table 7 
shows that the lowest degree of uniformity (rank 4) is found, for each of 
the blood indices, when all blood counts, without restriction, are included. 
As restrictions are made narrower and narrower, the degree of uniformity 
increases, being highest (rank 1) when the restrictions are made most 
severe, except in the case of the total neutrophiles, which happen in this 


TABLE 7 


Order of rank in degree of uniformity* as the definition of the counts included in group 6 becomes 
more restricted 


BLOOD INDEX 


D 


N L M | N/L| L/M |N/(L+M) 


4 4 4 4 + 


Including only counts six months 
prior to death; last count taken 
at most one month prior to death. . 

Including last 12 counts taken, ir- 
respective of interval from date 
of last count to date of death. ... 

Including only last 12 counts prior 
to date of death, last count 
taken at most one month prior to 


18 2 1 1 1 1 1 1 


*It is to be noted (see text) that none of the indices has a high degree of uniformity 
(homogeneity). 


series to show a somewhat closer approach to uniformity in the third line 
of figures in the table. 


DISCUSSION 


A comparative study has been presented of the application of seven 
different blood count indices, including the leucocytic index as developed 
by Crawford and Medlar (7). In point of power to discriminate severally 
between five clinically and otherwise specified groups of tuberculous 
patients, and also a group of normal persons, the leucocytic index has 
been found superior to the other six indices. However, in none of the 
specified groups do the patients included exhibit any high degree of 
uniformity as regards any of the blood indices. 


NUM- 
cYTIC 
SONS 
18 | 3 2 2 3 2 3 3 
sitisisia2tis 2 2 
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A group of normal persons has been included as a basic standard of 
reference or yardstick for the study. Even in health the leucocytic 
content of the blood varies somewhat from person to person, and, in the 
same person from one time to another, so that a certain lack of uniformity 
is a natural feature even in the normal leucocytic picture. It is obvious, 
then, that a high degree of uniformity within groups is not an essential 
condition for a suitable criterion in a comparative study such as the 
present. 

This leaves for consideration the power of differentiating between 
groups, for each of the methods of interpretation compared. In the 
pathology of tuberculosis, four of the leucocytic variables are concerned, 
and a comparison of these in health and in the disease has been made. 
Recent literature contains reports on five different methods of inter- 
preting leucocytic counts in tuberculosis. The oldest of these is that of 
Webb (3), N/(L+M), which considers three of the variables. Rosenthal 
(4) advocated use of the ratio N/L, two factors being considered. A 
third was suggested by Cunningham, e¢ al. (5) (M/L), with two variables 
employed. A fourth was offered by Crawford and Medlar (7), (leuco- 
cytic index), with four variables employed. And the fifth was suggested 
by Boissevain, e¢ al. (8) who took into account the total neutrophiles 
(neutrophilic percentage and total leucocytic count). From the data 
presented in the various tables of this paper, it becomes apparent that 
the leucocytic index is superior to the other methods when the degree of 
difference in the leucocytic counts between the various groups of persons 
is to be brought out. The summary presented in table 4 shows that in 
this respect the order of rank is: leucocytic index first, by a considerable 
margin; L/M second; total N third; N/L fourth; N/(L+M) fifth; total 
L sixth; and total M seventh. This indicates that when all of the vari- 
ables are included a greater degree of difference between the six groups 
under consideration can be demonstrated than when some of the vari- 
ables are omitted. On the other hand, the comparison also shows that 
the leucocytic index still lacks perfection. This was realized before its 
use was suggested. To date it has not been found possible to improve 
on the method while still retaining its simplicity. 

In this paper, as in all of Medlar’s prior publications dealing with the 
interpretation of leucocytic counts, the interpretation of the pathology 
of tuberculosis through the circulating leucocytes has been strictly ad- 
hered to. It is very probable that other pathological conditions, which 
may be concurrent with tuberculosis, influence the leucocytic picture on 
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many occasions. This situation should, of course, always be borne in 
mind when any attempt is made to evaluate the leucocytic count. 

Of the groups compared in this paper, four (aside from the normal) 
have been selected purely on the basis of clinical interpretations. This 
is essential because leucocytic interpretations are of little practical use 
except where a clinical diagnosis has been established. Assuming that 
the clinical diagnosis is correct, leucocytic counts can then be interpreted 
on the basis of the underlying pathological process. The comparisons 
made between the several groups show that none of the tuberculous 
groups conform to the normal. These comparisons are, of course, con- 
ditioned on the acceptance of the normal group as being an adequate and 
unbiased sample. The one tuberculous group which bears the closest 
resemblance to the normal is that selected on the basis of a favorable 
pathological interpretation. The important difference between the 
normal and the pathologically favorable tuberculous groups is that the 
neutrophiles are lower and the lymphocytes higher in the latter group—a 
favorable condition when interpreted in terms of the pathology of the 
disease. The clinically selected groups were all unfavorable on the 
basis of a pathological interpretation, and the one which showed the 
worst pathological picture was the one composed of individuals who had 
died from the disease. A survey of the individual cases included in 
groups 3 to 6 gave the following pathological interpretation on the basis 
of the leucocytic index: group 3, 8 favorable, 14 unfavorable; group 4, 
4 favorable, 20 unfavorable; groups 5 and 6, all unfavorable. These 
observations suggest that in many instances the leucocytic interpretation 
may indicate a status of the pathological process which is not perceivable 
otherwise. Since the leucocytic index provided, on the whole, the best 
measure of the differences between the groups, it would seem reasonable 
to add the leucocytic index as a tool of precision to the now accepted 
clinical armamentarium. 

In the recent literature, correlation studies of various clinical and 
laboratory findings, inclusive of leucocytic counts, on tuberculous 
patients have been reported. ‘The most comprehensive studies have been 
those of Boissevain, et al. (8) and of Elwood and de Cecio (9). In both 
instances the authors have found that the total neutrophiles are of 
greatest significance. It appears that the purpose of such studies is to 
determine what combination of the various methods corresponds best 
with the clinical appraisal and the final outcome of the disease. These 
studies proceed from the point of view that, for practical use, the methods 
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showing a high degree of association or correlation should be adopted and 
the others discarded. It is here suggested rather that the selection of 
any method must depend on the way in which it is to be used. If interest 
be centered on long-range prognosis, one combination may prove to be 
more efficient; if the purpose is to determine the progress of cases under- 
going active medical treatment, a different combination may well be 
better adapted. It is in this latter field that the leucocytic interpretation 
should prove of special value. And here the question is not so much 
whether one or another method is superior, but rather whether any 
method can add significant facts which other methods fail to reveal. So, 
for example, experience has shown that roentgenograms make available 
facts that physical examination of the chest fails to reveal. But this does 
not indicate that regular physical examination should be dispensed with. 
It is our experience at Mount McGregor that leucocytic counts add 
information as to pathological processes which at times neither physical 
examination nor roentgenograms can reveal. A summary picture is 
made possible by data gleaned from the use of several methods, one 
method adding facts which another method fails to reveal. 

In the article by Elwood and de Cecio (9) total cells only have been 
used and, so far as can be determined from reading the article, the 
proportional relations of the cell types to each other have not been con- 
sidered. Our comparisons given above show that the total monocytes 
and total lymphocytes rank very low as criteria when differences between 
groups are considered and, in this, agree with the findings of Elwood and 
de Cecio, but, even here, there is a significant difference between groups 
in most instances. From our studies we are of the opinion that a con- 
sideration of proportional relationships of the different leucocytic types 
is absolutely necessary if leucocytic counts are to be properly evaluated. 
We have encountered so many instances where even total neutrophiles 
failed to reflect the real leucocytic picture that we regard it as an inferior 
method of interpretation. The same authors observed a considerable 
number of instances in which the leucocytic picture disagreed with the 
clinico-roentgenological findings, especially in the phase of regression of 
the disease. It is our experience that this is true. We have observed 
numerous instances in which the leucocytic picture indicated a condi- 
tion either better or worse than the clinico-roentgenological appraisal 
suggested. It is the very fact that such disagreements do occur that 
makes the leucocytic picture of interest. If leucocytic counts always 
agreed with roentgenological and clinical findings there certainly would 
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be no reason for doing them. It is well recognized that roentgenograms 
are of especial value because they so frequently reveal conditions unde- 
tectable by other clinical methods and because they often negate clinical 
impressions. Clinical relapses in tuberculous patients who have done 
very well, as judged from accepted clinico-reontgenological standards, 
are still sufficiently common to emphasize the fact that the disease fre- 
quently regresses only to the point where readily detectable pathological 
activity has disappeared. In tuberculosis, much of the pathological 
development, because of its indolent nature, remains below the level 
of perception by the now accepted clinico-roentgenological methods. It 
is precisely in this subclinical zone that the leucocytic picture, when 
properly interpreted, may become of value. In the interpretation, the 
leucocytic picture of normal healthy persons should be used as the yard- 
stick for comparison, rather than the clinico-roentgenological appraisal 
of a case. It is as illogical to judge the leucocytic picture in a tuber- 
culous case by the clinico-roentgenological findings in the thorax as it 
is to judge a roentgenogram of the chest by the signs demonstrable on 
physical examination. 


SUMMARY 


Several methods of interpreting leucocytic counts in tuberculosis have 
been compared as to their power of differentiating between certain groups 
of tuberculous patients. A test for homogeneity shows that in none of 
the groups do the patients exhibit any high degree of uniformity as re- 
gards any of the blood count indices. But it has been pointed out that 
the thing to be chiefly sought after is a high discriminating power be- 
tween groups. In this respect, the leucocytic index has been shown to 
be the method of choice. The question of where and how the leucocytic 
index should be used in interpreting the pathology of tuberculosis is also 
discussed. 
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THE INSTABILITY OF THE TUBERCULIN REACTION! 


Observations on Dispensary Patients, with Special Reference to the Existence 
of Demonstrable Tuberculous Lesions and the Degree of Exposure 
to Tubercle Bacilli . 


ARTHUR W. DAHLSTROM 


Until recently the impression has been wide-spread that, once estab- 
lished as a result of tuberculous infection, the tuberculin reaction remains 
positive indefinitely, and that the incidence of positive tuberculin re- 
actions in any community is a measure of the total amount of tubercu- 
lous infection, past and present, in that community. Recently the 
frequent discovery of calcified nodules, presumably of tuberculous origin, 
in patients not reacting to tuberculin (1, 2, 3, 4) has raised the question of 
whether tuberculin allergy may not disappear after complete healing of 
the lesion originally conferring sensitiveness, and whether the allergy 
that is demonstrable in many cases of calcified lesions may not be de- 
pendent upon one or more chance reinfections from subsequent reéxpo- 
sure occurring after the healing of the original lesion, rather than to 
persistence of the original allergy. 

A natural corollary of these problems is the question whether the tuber- 
culin reaction, once established by infection, remains positive during the 
activity of the lesion responsible for the initiation of allergy, in other 
other words, whether the tuberculin reaction is always positive in the 
presence of active tuberculous lesions. Obviously the answer to this 
question is of the utmost inportance if the tuberculin test is to-be used 
as a procedure in case-finding. 

The present study was undertaken to answer these questions, and, in 
the event that the tuberculin reaction proved to be unstable, to deter- 
mine the conditions under which allergy was maintained or lost. If 
variability was detected, it was decided to examine this with respect to 
the character of tuberculous lesions in the chest, the persistence of ex- 
posure to tubercle bacilli and such possibly related factors as intensity 
of original allergy, age, sex, race and season. 

1 From the Office of Indian Affairs, United States Department of the Interior, and the 
Henry Phipps Institute, University of Pennsylvania, Philadelphia. 
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The material for study was obtained from the files of the dispensary 
of the Henry Phipps Institute, and the study was limited to those families 
under active supervision at the time of the investigation. The organi- 
zation of this dispensary was summarized by Opie and McPhedran (5) 
as follows: 


The family records are compiled from observations on colored and white 
patients drawn from a district that surrounds the Institute. The white popula- 
tion is largely of Italian, Jewish, Slavic and Irish extraction. When tubercu- 
losis is known to have occurred in a family, the nurse visits the family imme- 
diately after the diagnosis is made. She urges all members of the household 
to visit the dispensary for tuberculin tests, physical and X-ray examinations. 
In the early periods a considerable number of families with no tuberculosis 
were kept under observation as controls and records similar to those of contact 
families were made. A new family sheet containing the age, relationship and 
state of health, especially with reference to tuberculosis, of past and present 
members of the household, together with information relative to the economic 
and living conditions of the family, is made up at the end of each calendar 
year. The nurses’ notes, and a summary of the outstanding medical, eco- 
nomic and hygienic status of the family, are filed with the family folder, to- 
gether with the completed physical, X-ray and laboratory examinations. 
The intracutaneous tuberculin test has been employed throughout the study 
as described by Aronson (6). Tuberculin, OT, has been standardized by 
intracutaneous injection of tuberculous guinea pigs and that which is used 
closely approximates the strength of the International Standard. In the 
earlier periods of the study 0.01, 0.1 and 1.0 mg. of tuberculin were used, but 
later injection with 0.1 mg. was omitted because it was found that when there 
was no reaction to 0.01 mg. the injection of 1.0 mg. was not followed by severe 
reactions. (After 1935 purified protein derivative, PPD (7), was used in doses 
of 0.000,02 and 0.005 mg.) The reaction was read in forty-eight hours after 
injection. In the absence of oedematous swelling the reaction was regarded 
as negative even though there was some redness. The following arbitrary 
scale was used to define the severity of the reaction: the reaction was desig- 
nated one plus when the oedema was from five to ten mm. in diameter; two 
plus when the oedema measured up to 15 mm. in diameter; three plus when 
the oedema exceeded 15mm. When there was necrosis the reaction was listed 
as four plus. The technique of X-ray examinations and their interpretation 
and the spacing of films have been fully discussed elsewhere (8, 9). A child 
born into the family after the beginning of observation is brought to the dis- 
pensary one month after birth and examined. Subsequent routine serial 
examinations and X-rays are sought at not less than six-month intervals until 
the child is two years old. If contact with open tuberculosis is known, exami- 
nations are at closer intervals. Annual examination of all members of house- 
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holds has been considered desirable. Films are spaced at closer intervals when 
progressive or potentially progressive latent lesions or manifest lesions are 
under observation. Especial attention is given those living with tuberculous 
mates. When members of a household exposed to tuberculosis have respira- 
tory infections between routine examinations, extra films are made. 


The records used in this study included all the families under observa- 
tion for at least five years. The observations that will be described were 
made on 3,919 persons, who were members of 513 households or families. 
The records began when family care was instituted, in many cases in 
1924, 1925 and 1926. 


STABILITY OF TUBERCULIN REACTION IN RELATION TO ITS ORIGINAL 
INTENSITY 


Of the 3,919 persons, 2,828 were examined one or more times by the 
tuberculin test, and 2,490 of them reacted positively. Of the latter, 
in turn, 276, or 11.1 per cent, became tuberculin-negative, either transi- 
torily or for the duration of the study. Two hundred and twenty-six 
patients remained negative throughout the study, 112 were tested only 
once and found negative, and the balance were persistently positive. 
Table 1 summarizes the distribution of the entire 2,828 who were tuber- 
culin-tested, on the basis of the strongest reactions exhibited by each 
patient during the study. 

Table 1 indicates a clear relation between the intensity of allergy and 
the probability of its ultimate disappearance. The stronger the early 
response the less is the likelihood of the reaction becoming negative. 
Except for one case in which the reaction was at one time four plus, 
occurring in a group too small for statistical significance, the percentage 
of patients becoming negative to tuberculin rises in unbroken sequence 
with decreasing strength of the previous strongest tuberculin reaction. 
Only a fraction of one per cent of those at one time exhibiting a three- 
plus reaction became negative, while 70 per cent of those never exhibit- 
ing more than the weakest detectable reaction lost their allergy at some 
time during the course of the study. 


STABILITY OF THE TUBERCULIN REACTION IN RELATION TO DEGREE OF 
TUBERCULOUS EXPOSURE 


The individual and family health records of the 276 persons whose re- 
actions to tuberculin were inconstant, unstable, or alternated from posi- 
tive to negative, were carefully examined. 
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The 513 families were grouped according to the degree of probable 
exposure to tuberculosis within the family, as follows: 


Group A—Nontuberculous: Families in which, at the time family care was 
initiated at the dispensary, there was no clinical tuberculosis (far advanced, 
moderately advanced, minimal, latent or suspected). Some of these families 
were deliberately chosen as control families in the years 1924 and 1925. 

Group B—Tuberculous, sputum-negative: Families in which the source of 
exposure within the family was one or more cases of clinical tuberculosis, with 
sputum repeatedly negative throughout observation. 


TABLE 1 
Instability of the tuberculin reaction in relation to previous strength of reaction 


SUBSEQUENTLY 
STRONGEST BECAME NEGATIVE 
DOSE OF TUBERCULIN REACTION 


Number 


Four plus 1 
Three plus 4 
Two plus 4 
One plus 40 


First: OT 0.01 mg. or PPD 0.000,02 mg. 


Four plus 
Second: OT 0.1 mg., OT 1.0 mg. or PPD Three plus 
Two plus 
One plus 


Total of once positive reactors 


Remained negative throughout 


Examined once, found negative 


2,828 


Group C—Tuberculous, sputum-positive, becoming negative: Families in 
which the source of exposure was a patient with sputum-positive clinical tuber- 
culosis, which subsequently became negative and remained negative through- 
out the remainder of observation. 

Group D—Tuberculous, sputum-positive, contact broken: Families in which 
the source of exposure consisted of a patient or patients with clinical tubercu- 
losis with positive sputum, in which the contact was definitely broken by 
death or departure of the tuberculous member from the family. 

Group E—Tuberculous, sputum-positive, contact continued: Families in 
which a source of exposure with sputum-positive clinical tuberculosis remained 
in the household throughout observation. 


| Per cent 
3.6 
0.4 
2.0 
12.5 
none 
66 18 27.3 
109 68 62.4 
185 131 70.8 
276 11.1 
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The make-up of the 513 families is shown in table 2. It will be noted 
at once that family groups with the least degree of probable exposure to 
tuberculosis furnished most of the members who lost their skin sensitivity 
to intracutaneous tuberculin (table 2 and figure 1). 


TABLE 2 
Instability of the tuberculin reaction in relation to household exposure to tuberculosis 


Famity Groups 


Number of families 
Number of members 
Average size 


Positive reactors 
Became negative 
Per cent became negative... 


Famity Suscroup 


Number of families 
Per cent of families 


Number of members 
Family size 

Number examined 
Per cent examined 


Cases of tuberculosis... .. . 95 
Cases per family ‘ Mm 1.5 
Per cent of examined tuber- 
24.8 
Deaths from tuberculosis. . 18 | 39 


Cases not tuberculous 346 1348 79 
Deaths, other 28 | 21 | 43 | 63 18 -- 


* Indicates the stable families in which all members, if once tuberculin-positive, remained 
positive throughout the period of observation. 


The groups were subdivided according to whether they did or did not 
contain members having alternating or unstable tuberculin reactions. 
The make-up of the subgroups is shown in the lower part of table 2. It 
will be seen that, as the degree of probable exposure to tuberculosis 
increases, the number of families containing unstable members decreases. 
The stable families were as a rule smaller, but the amount of tuber- 
culosis within the average family was approximately the same. 


1 
| 
| 
A B Cc D E 
169 47 203 12 
—— 1,190 298 1,675 83 H 
8.1 7.0 6.3 8.2 7.0 
413 758 194 1,176 63 Hy 
98 113 21 43 1 ‘4 
23.8 15.0 10.6 3.7 1.6 i 
a* b b* c d e 
35 |62 |107 | 17 | 30 |37 | 166 | 1 | 11 
...++.| 57.4] 42.6] 37 | 63 | 36 | 64 | 18 82 | 8.3] 91.7 
....--/418 |238 [453 |704 [127 |171 |339 [1,336 | 4 | 79 
......| 9.0] 6.8] 7.8] 6.5] 5.4] 9.1] 8.0] 4.0] 7.0 
....../397 |194 [441 [526 |111 [134 300 [1,116 | 4 | 67 
......| 89 | 81 |90 | 74 | 87 | 78 | 88 82 | 100 | 74 
27 |s5 | 87 | 408 | 1 | 18 
1.6] 1.8) 2.4, 2.4) 1.0) 1.7 
24.3| 41.0} 29.0} 36.5] 25.0] 27.0 4 
|53 | 20 | —| 3 
2 Al 6 | .2 
49 a 
7 
| 
a 
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Table 3 indicates the grouping of the 276 members with reference to 
the nature of their family contact at the time they lost their tuberculin 
sensitivity. It seems that persons with a low degree of tuberculin sen- 
sitivity, and in rare instances highly sensitive persons, may lose this 
skin reaction even during contact with sputum-positive tuberculosis. 
The single instance recorded of loss of tuberculin sensitivity after a 


t A B Cc D E 


$ 7 36 18 | 


Figure 1. 


Fic. 1. Relative stability of tuberculin reaction in families, grouped according to degree 
of probable contact within the family. The figures in the upper part of each column indicate 
the percentage of families which contained members who lost their tuberculin sensitivity. 
The portion of the column in solid black indicates the percentage retaining tuberculin sensi- 
tivity in all members once positive. 


four-plus reaction to the first dose was in a case without known contact 
for more than five years. Of the 4 persons who had had a three-plus 
reaction to the first dose, only one was in contact with sputum-positive 
tuberculosis; the 3 had no contact, or contact simply with sputum-neg- 
ative tuberculosis or with suspected tuberculosis. Only 2 of the 14 
two-plus reactors had contact with sputum-positive tuberculosis. Five 
out of 40 persons with a one-plus reaction to the first dose had contact 
with sputum-positive tuberculosis. 


90 
80 
70 
60 
50 
40 
30 
20 
10 
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STABILITY OF THE TUBERCULIN REACTION IN REFERENCE TO THE 
PRESENCE OF TUBERCULOUS LESIONS IN THE CHEST 


In table 4, the X-ray findings at the time the tuberculin test became 
negative are grouped with the ages of the 276 individuals under consid- 
eration. None of the 913 patients with active reinfection type tuber- 


TABLE 3 
Contact history of 276 unstable positive reactors at the time of loss of sensitivity 


STRENGTH OF TUBERCULIN FIRST DOSE SECOND DOSE 


Intensity of reaction +++ | ++ Per cent a 


None known ‘ 
None, 5 years 


1 19 


1 + 14 131 


Sp o Ctd means continuous absence of contact. 

Sp o B means contact broken for the number of years indicated by the figure that follows. 
La Susp means latent or suspected tuberculosis. 

Sp + means positive sputum tuberculosis as contact. 


culosis in the families under consideration (see table 2) became negative 
to tuberculin. Eleven persons with persistent calcified primary tuber- 
culous lesions were negative to tuberculin. Subsequently, 6 of these 11 
patients regained their sensitivity; the remaining 5 remained persist- 
ently negative. The contact history of the 6 who subsequently became 


a 

to 
lin 
en- 
his 
sis. a 
a 
1 | 11 | 22 4 | 19 | 38 | 28 | 
4] 8.5 5 5 | 4.6 
1 1 | 15 |30.5| 4 | 24 | 43 | 32.6 
1 9/ 9 | 32.2} 3 | 17 | 43 | 29.0 
3] 5.0] 1 6 | 3.2 
SE 2 | 3.4] 1 1 | 0.9 * 
| 1 3 1 | 2.3 
1 4/85] 5 | 10 8 | 10.6 
1 | 1.7 3 5 | 3.7 

2 | 11 | 19 | 54.4] 12 | 34 | 69 | 53.1 
1] 1] 1 1 | 7 | 3.7 
2| 3.4] 1 3 1.9 
ree 1 4 2 3.2 
ct 
us 
ve | 
ve 
ct 


478 


ARTHUR W. DAHLSTROM 


tuberculin-positive was found to be practically identical with that of 


the 5 who remained negative. 


TABLE 4 


In each group there was one case in 


Instability of the tuberculin reaction in relation to the presence of tuberculous lesions* 


FAMILY 
GROUP 


STRENGTH 
OF TUBERCULIN 
REACTIONT 


NO X-RAY 


X-RAY NEGA- 
TIVE FOR 
TUBERCULOSIS 


ACTIVE 
CHILDHOOD 
TYPE 


CALCIFIED 
PRIMARY 
LESION 


LATENT OR 
SUSPECTFD 
TUBERCULOSIS 


A 


1 (8.2)t 
14 (12.7) 

3 (14.9) 
26 (10.4) 
46 (10.6) 


1 (42.3) 


1 (21.0) 
1 (59.6) 
1 (72.0) 


2 (11.0) 
9 (7.2) 
12 (9.5) 
7 (8.5) 
26 (10.4) 
52 (10.6) 


4 (11.7) 


1 (39.5) 


1 (14.7) 
2 (8.9) 
3 (12.9) 
6 (7.2) 
7 (11.1) 


1 (16.4) 


1 (31.0) 


2 (13.9) 
2 (11.0) 
7 (8.3) 
3 (8.3) 
7 (10.7) 
17 (10.6) 


E 


1 (22.5) 


2 


256 


2 


11 


5 


* Based on X-ray examination at time previously tuberculin-positive reactor became 
tuberculin-negative. 
t I means first dose, and II second dose of tuberculin. The figures following these desig- 
nations represent the strength of reaction in the usual method of reading, that is, as four 
plus, three plus, etc. 
t Figures placed in brackets represent average age in years. 


which there was contact with sputum-positive tuberculosis, the contact 
eventually broken by death or departure, and in each group there were 


3 cases in contact with sputum-negative tuberculosis. 


There was no 


1.4 

2 

1 

11.3 

1 1 (2.0) 3 (9.7) 
B 1.3 

2 

1 

11.3 

2 

1 | 1 (14.4) | 
1.2 | 

1 

11.3 

2 

1 
D 1.3 

2 

1 

11.3 

2 

1 1 (3.4) 3 (11.3) 
II.1 
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known contact in the case of the remaining 3 patients, that is, the 2 with 
calcified lesions who regained sensitiveness to tuberculin and the one 
patient who continued to be negative. 

There were 2 members who lost their sensitivity in the presence of 
active childhood tuberculosis, 5 with latent or suspected tuberculosis 
and 11 with definite X-ray evidence of healed childhood tuberculosis. 
The tuberculin reaction was thus inconsistent with positive X-ray find- 
ings for tuberculosis in 0.72 per cent of 2,490 individuals examined in 
this series. 


TABLE 5 
Race and sex distribution of members of families in which unstable reactors appeared 


Famity Groups 


Males, 628—-Females, 614. 


STABILITY OF THE TUBERCULIN REACTION IN RELATION TO RACE 


In table 5 is shown the racial distribution of the families in which at 
least one member passed from the tuberculin-positive to the tuberculin- 
negative state. It will be noted that in each race the numbers for males 
and females are approximately equal, and the same holds true for each 
family type (A, B, C, D and E) in each racial group. 

To obtain an expression of the strength of reaction to intracutaneous 
tuberculin during the period of observation, the following values were 
given the reactions: 


Second dose tuberculin, negative 
Second dose tuberculin, one plus 
Second dose tuberculin, two plus 
Second dose tuberculin, three plus 
First dose tuberculin, one plus 
First dose tuberculin, two plus 
First dose tuberculin, three plus 
First dose tuberculin, four plus 


of | 
| 
A B Cc D E 

Race Male Male Male Male Male 4 
Italian..............| 102 | 112 | 123 | 130 | 22 | 29 | 75| 51] 4 | 4 652 ‘ 
Negro..............]| 69 | 61] 20} 22] 8 | 10 | 24] 28 242 
Jewish..............] 24] 21] 32} 28} 10 | 10 | 38) 34 197 

Slavic..............| 4] 9] 45] 35] 1] 4 98 
Other...............) 8] 8] 9] 9] 8] 8 2] 1 53 ‘ 
Total.............] 207 | 211 | 229 | 224 | 49 | 61 | 139 114} 4 | 4 | 1,242 7 
| 
e 
| 
e 6 | 
| 
a 
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For each unstable positive reactor the values for each tuberculin test 
given were totaled and an average struck. These values have been 
consolidated in figure 2, in which instability of the tuberculin reaction 
is correlated with race, degree of family exposure and the X-ray exam- 
inations at the end of the period of observation. The figure shows wide 
variations among individuals in the same race groups and family groups, 
both in the presence and absence of active or arrested tuberculosis, but 


Jewish Negro Slavic Others 


Cc 


B D AIB 


D AIBIC 


of tuberculin 


D 
A. 


First dose 


Second dose 
of tuberculin 


Figure 2. 


X denotes negative x-rays 


@® denotes arrested childhood tuberculosis 


b> denotes active childhood tuberculosis 


Fic. 2. Graph showing average strength of tuberculin reactions of members of race groups, 
in family groups, and X-ray findings. 


the presence of lesions, in general, is associated with a slightly higher 
degree of response than that obtaining where no lesion was present. 
The amount of tuberculosis present in the group of individuals under 
consideration was small, and, as the figure shows, in no group did the 
average intensity of reaction exceed three plus to the second dose of 
tuberculin. 

Some difference in racial behaviour in the tuberculin test is noted, 
however, when the reactions of all the positive groups under consider- 
ation are examined (table 6). 


Italian 
+++ 
© 
x 
x x 
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It was found that of the 2,812 persons in the series, 1,256 (44.6 per 
cent) were Italian. If racial tendencies were equal it seems reasonable 
to suppose that 44.6 per cent of those who reacted to the first dose of 
tuberculin should be Italian; similarly 44.6 per cent of the “strong re- 
actors” who lost their sensitivity should be Italian, and similarly for 
“weak reactors” who lost their sensitivity and constantly negative re- 


TABLE 6 
Racial variation in stability of tuberculin reaction 


ITALIAN NEGRO JEWISH 


(1) Number examined (total 2,812). .....| 1,256 670 474 

(2) Per cent of total examined 44.6 23.8 16.8 

(3) Per cent of total positive to first dose 
tuberculin (strong reactors) 42.2 24.5 17.4 


Deviation from theoretical normal —5.4 +3.0) +3.5 


(4) Per cent of total positive to first dose 
tuberculin who became negative. ... 14.0 15.8 


Deviation from theoretical normal —41.2 


(5) Per cent of total positive to second 
dose tuberculin (weak reactors)... . 18.6 


Deviation from theoretical normal —21.8 


(6) Per cent of total positive to second 
dose tuberculin who became nega- 
17.8 8.6 4.5 


+24.8 —25.2 | +4.8 | —32.0 


52.4 27.4 . 4.8 7.0 


+17.4 | +15.1 | —33.9 | —41.4| +6.0 


actors. Corresponding expectations would hold for the tuberculin 
reactions in relation to the percentage total of patients examined in the 
case of each of the other races. 

It is evident from table 6 that the Italian race, with a slight deficit in 
the total number positive to the first dose of tuberculin, produced more 
than its share of strong reactors who lost their sensitivity, more weak 
reactors, more weak reactors who lost their sensitivity and more con- 
stantly negative reactors. 


| 

i 

q 
thers 
SLAVIC | OTHERS i 
231 181 
8.2| 6.6 
= 9.5 6.4 | 
+15.8 | —3.0 4 
7.0| 8.8 
al —6.0 | —14.6 | +30.3 is 
il 18.6} 6.4| 4.3 
410.7 | —22.0 | —35.0 j 
Deviation from theoretical normal....... e 
(7) Per cent of total who remained nega- 
Deviation from theoretical normal....... i 
} { 
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The Negro race showed a small excess of “strong reactors,” a distinct 
deficit in ‘strong reactors who lost their sensitivity,” considerably less 
than the expected number of weak reactors and ‘‘weak reactors’? who 
lost their sensitivity and a moderate excess of those who remained 
constantly negative. 

The Jewish race showed a slight excess of “strong reactors,’’ slightly 
less than the expected number of “strong reactors” who lost their sen- 
sitivity, some excess of ‘“‘weak reactors,’’ much less than the expected 


TABLE 7 
Period of observation of family groups 


Famity Grovps.... B ¢ D 


Years observed 


Per cent 
Per cent 
Per cent 


| Number 


™ | Per cent 


Less than 2 
2-3 


Awao 


nN 


7 OO A CO 


NNN WU uw 


2. 
i 
5 
4 
10 
14 
11 
12. 
16. 
8. 
6. 
2 


n 


0 
2 
1 
3 
4 
3 
3 
4 
2 
1 
.0 


& & & & 


> 
Bl me w | Number 


— 


113 


number of “weak reactors” who lost their sensitivity, and a decided 
deficit among those who remained constantly negative. 

Similar discrepancies hold for the other, smaller groups. Comparing 
the two largest groups it appears that Italians had less tendency than 
Negroes to react strongly and were much more likely to lose a sensi- 
tivity once conferred. 


ANALYSIS OF MATERIAL FOR STUDY BY LENGTH OF OBSERVATION 


To establish whether or not the 276 individuals were followed by 
periodic observations sufficiently long for the purposes of this study, the 
unstable positive members of each group were plotted. The patterns 


E TOTAL 
2 1 
34 7 3 
4-5 1 6 
5-6 5 8 
6-7 4 13 
7-8 10 | 18 
8-9 14 17 
9-10 11 10 
10-11 12 7 
11-12 16 10 
12-13 8 7 
13-14 6 8 
14-15 2 3 
1 276 
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in each group appeared sufficiently scattered so that the sampling could 
be considered adequate. The consolidated summary in table 7 shows 
that 86.8 per cent of the persons under consideration were under con- 
tinuous observation at the Institute for five years or longer. 


TABLE 8 
Ages of unstable reactors at time of loss of sensitivity to tuberculin 
REACTION TO FIRST DOSE OF REACTION TO SECOND 
AGE GROUP a TUBERCULIN DOSE OF TUBERCULIN TOTALS = 
years 
Less than 5 A 3 3 7 13 
B 4 5 2 2 9 22 
Cc 1 2 3 
D 1 1 3 5 43 | 15.6 
5-9 A 1 s 10 21 37 
B 1 2 2 3 7 19 34 
Cc 2 2 4 
D 4 2 4 8 18 93 | 33.7 
10-14 A 1 8 1 10 10 30 
B 1 2 3 1 12 24 43 
Cc 1 1 3 2 4 11 
D 1 2 2 1 3 4 13 97 | 35.1 
15-19 A 1 2 2 5 10 
B 2 1 5 4 12 
Cc 1 1 
D 1 1 5 7 30 | 10.9 
20 or over A 1 2 1 2 2 8 
B 1 1 2 
2 2 
E 1 1 13 4.7 
1 4 13 | 41 18 68 |131 | 276 |276 |100.0 


INSTABILITY OF TUBERCULIN REACTION ACCORDING TO AGE 


For the purpose of estimating the quality of the sampling as regards 
the age grouping of the unstable positive reactors under consideration, 
plots were made for each of the family groups. The average and median 
ages were parallel. Table 8 is a consolidated table, summarizing the 
reversions of reaction by age of patient. About half of the persons 
having an unstable positive reaction to tuberculin were less than five 
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years of age at the time of first observation, but only 15.6 per cent were 
less than this age at the time of observed loss of sensitivity. More than 
three-fourths of the group were less than ten years of age at first obser- 
vation, and nearly half below this age when sensitivity was observed to 
be lost. Almost 94 per cent were less than fifteen years of age at first 
observation and 84.4 per cent were below this age when loss of sensi- 


TABLE 9 
Summary of seasonal experience of 276 unstable reactors to tuberculin 
WINTER SPRING SUMMER FALL 
j-F-M A-M-J J-A-8 O-N-D 


per cent per cent per cent per cent 


First test, positive Tuberculin IIT.............. 35.8 YY 16.1 26.4 
First test, positive Tuberculin I............... 24.0 19.0 14.0 43.0 
Subsequently positive Tuberculin IT........... 26.2 24.0 16.7 33.1 
Subsequently positive TuberculinI.,.......... 20.0 30.0 12.4 37.6 
Subsequently, increased sensitivity: 
Negative to positive Tuberculin II........... 23.6 26.2 13.3 36.9 
Negative to positive TuberculinI............|° 26.6 21.8 25.0 26.6 
Positive Tuberculin II, positive Tuberculin I..| 27.8 24.9 55.2 36.1 
Subsequently, decreased sensitivity: 
Positive Tuberculin II to negative........... 29.0 21.7 16.3 33.0 
Positive Tuberculin I to negative............ 21.9 25.0 21.9 31.2 
Positive Tuberculin I to positive TuberculinII.| 20.7 20.7 24.2 34.4 
23.9 22.5 20.8 32.8 


tivity was discovered. This indicates clearly that instability of the skin 
reaction to tuberculin occurs early in life. 


STABILITY OF TUBERCULIN REACTION IN RELATION TO SEASONS OF THE 
YEAR 


To determine whether or not there are factors peculiar to the seasons 
of the year influencing the tuberculin reaction, 1,854 tests on the 276 
individuals under consideration were tabulated as to the month and the 
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year in which the test was made. The tests were grouped under the 
following headings: 


a. First test (negative to second dose of tuberculin, positive to second dose, and 
positive to first dose). 

b. Subsequent tests remaining the same as preceding test. 

c. Subsequent tests showing an increase in sensitivity. 

d. Subsequent tests showing a decrease in sensitivity. 


% Winter Spring Summer Fall 
35 

30 ty 


¢ 


20 
YW 


15 


10 


Figure 3. 
que tested at the clinic 


Sensitivity increased 
Sensitivity decreased 


Fic. 3. Comparison of tuberculin sensitivity in the four seasons, as shown by seasonal 
influence on 1,854 tests on 276 unstable reactors. 


Table 9 and figure 3 summarize the annual testing at the Institute on 
the group of persons under consideration. There is a distinct seasonal 
drop in testing at the Henry Phipps Institute during the months of June, 
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July, August and September because of the seasonal migration of many 
families from the neighborhood to take work in the country, and the 
absence of some of the staff during this season. The table shows the 
results of the tests in percentage of the whole compared with the seasonal 
activity at the Institute. It will be noted that the averages for patients 
with increased and with decreased sensitivity run closely parallel to the 
curve for total patients tested, in spite of seasonal fluctuation in the 
latter curve. Thus, there seems to be no specific influence from the 
seasons. 


SUMMARY 


The dispensary records of 3,919 members of 513 families under obser- 
vation from five to fifteen years were examined to determine whether the 
tuberculin reaction, once established, remains constant, and, if not, to 
determine the circumstances of inconsistency, with particular reference 
to the original intensity of the reaction, the degree of exposure to tuber- 
culosis, the presence of tuberculous lesions, race, age and sex, and, finally 
the season of the year. 

Of the group examined, 2,490 were positive to tuberculin in at least 
one examination, and 276, or 11.1 per cent of these, passed from the 
positive to the negative state during the period of observation in the 
dispensary. The lower the original degree of sensitiveness was, the 
greater was the likelihood of reversal from positive to negative reaction. 
Only 0.4 per cent of 1,090 people giving a three-plus reaction to the 
standard first dose of tuberculin became tuberculin-negative, whereas 
the negative state supervened in 70 per cent of 185 persons giving only 
a one-plus reaction to the second dose. 

The greater the degree of family exposure was, the more likely the 
reaction was to remain positive. In families with no history of tuber- 
culosis in any member, 24 per cent of the members became negative, 
whereas among 63 reactors in families in which a patient with posi- 
tive sputum resided constantly, only one person (1.6 per cent) became 
negative. 

The tuberculin reaction never became negative in the group under 
consideration in the presence of lesions of active reinfection type tuber- 
culosis, but became negative in a small number of cases of tuberculous 
lesions of the type diagnosed by X-ray examination only. The list in- 
cluded 2 cases diagnosed as active childhood type tuberculosis, 5 cases 
with inactive or suspected reinfection type tuberculosis and 11 cases 
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with X-ray evidence of calcified childhood tuberculosis. Altogether, 
reactive capacity disappeared in 0.72 per cent of the total number of 
patients with recognizable tuberculous lesions of any sort. 

No significant correlation of instability of the tuberculin reaction 
with sex was discovered, but there was definite correlation with age. The 
overwhelming majority of the unstable reactors were children. Re- 
version to negative reaction proved rare in adult life. Race possibly 
played a part, but uncontrollable variables made definite determination 
impossible. When comparison was made of two largest racial groups, 
Italians and Negroes, the former appeared to react less intensely and 
to have more tendency to lose a sensitivity once conferred. 
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CONTROL OF TUBERCULOSIS! 
Factors Suggested by Statistics of Sanatorium Patients 
J. G. BOHORFOUSH anp PAULINE E. MICHAEL 


In a program for the control of tuberculosis there are several factors 
which must be understood for the community in which the program for 
the eradication of the disease is being conducted. The essential ques- 
tions are: (1) By whom and when is the disease contracted? (2) 
From whom is the disease contracted? (3) What is the ultimate out- 
come of those who contract the disease? 

We submit herewith the results obtained in a medium sized county, 
(120,000), about half urban and half rural. Although they vary greatly 
in conclusion from those obtained in earlier days and in localities where 
effective measures of control are not employed, they substantiate the 
results obtained by the latest research in the field. In our analysis we 
took all patients admitted to Lake View Sanatorium since its opening 
eight years ago and who were diagnosed definitely as having tuberculosis. 

The sanatorium had one hundred beds until about four years ago when 
its facilities were enlarged to provide for one hundred and forty-five beds. 
The patients are admitted from the whole state of Wisconsin; however, 
the preponderant number is from Dane County. In order to clarify 
the statistics these two groups have been separated, except in the in- 
stances noted. The rate of readmission is very high due to the fact 
that an effective social service department keeps a check on former pa- 
tients and arranges appointments for reéxamination. This often results 
in reactivations and spreads being found in their incipiency, and the 
patient is readmitted for a short period. No former patient is perma- 
nently dropped from the supervision of the out-patient department as 
long as it is possible for it to remain in touch with him or her. In 
these statistics a patient has been counted only once, no matter how often 
he or she has been admitted to the sanatorium. 

The city of Madison, situated in Dane County, contains approximately 
half of the population and, during the eight years in which these statistics 
were gathered, over 61 per cent of the deaths of Madison occurred in the 


1 From Lake View Sanatorium, Madison, Wisconsin. 
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sanatorium. Therefore, we feel that at least 60 to 75 per cent of the 
tuberculosis occurring in this county is admitted to the sanatorium. 
As reporting of tuberculosis other than deaths is very poor, it is impos- 
sible to gather accurate statistics on this matter. We feel, however, 
that our statistics are valid for the entire population of this county. 
One of the most difficult problems in tuberculosis is to determine the 
date of the onset of the disease. Historical data only give us the date 
of the onset of symptoms and it is generally agreed that in the usual case 


TABLE 1 
Dane County cases admitted to Lake View Sanatorium in an eight-year period 


NUMBER 
ADMISSION AGE HAVING 

CASES KNOWN 
CONTACT 


| | 
| 


Anan * 


a 


M—male. F—female. T—total. 


of tuberculosis, clinical activity is evident from six months to two years 
before any symptoms appear. Therefore, data purporting to give the 
onset of the disease from the history of the patient are only relatively 
accurate. With a relative correction of one to two years, it is obvious 
from tables 1 and 2 that the onset of clinical tuberculosis is relatively 
uncommon before the age of fifteen and that the age of admission follows 
fairly closely the age of onset. The discrepancy that does exist reveals a 
definite lag between the age of onset of the disease and the time a patient 
is admitted to a sanatorium. In other words, the disease too frequently 


| | 
ONSET AGE | | 
CASES 
M F T M | F ; T | T T d 
0-4 4 6 | 10 4 6 | 10 1 9 | 
’ 5-9 3 7 | 10 2 ee _ 6 
> 10-14 3 11 14 5 11 16 1 11 a | 
, 15-19 20 37 57 16 35 51 5 35 | 
’ 20-24 35 61 96 36 60 96 21 61 
‘ 25-29 45 62 107 45 55 100 19 58 
. 30-34 33 28 61 31 a7 58 1 20 32 ¢ 
1 35-39 18 21 39 21 29 50 1 19 31 i 
40-44 23 18 41 23 17 40 12 14 
45-49 27 | 14 | 414 | 22 | 14 | 36 | 1 17 15 
} 50-54 14 12 26 18 16 34 9 11 
j 55-59 13 6 19 20 7 27 9 12 : 
60-64 9 3 | 12 9 5 | 14 7 7 ‘ 
65-69 5 2 7 6 1 7 6 2 % 
' 70- 4 1 5 5 2 7 8 1 4 
; Totals.....| 256 | 289 | 545 | 263 290 | 553 a 152 305 i 
a 
i 
4 
ai 
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is not diagnosed for some months and in many cases for some years after 
onset. Between the ages of thirty and thirty-five there is a secondary 
drop in both the numbers of people contracting the disease and the num- 
ber of admissions per 100,000 population. The highest number per unit 
of population is between twenty and thirty years of age and after the 
age of thirty-five the number per 100,000 increases. 

Of the 709 patients admitted to Lake View Sanatorium 393, or 55 
per cent of all patients admitted, knew of definite contact (table 1), 


TABLE 2 


Cases from the State of Wisconsin not residing in Dane County admitted to Lake View Sanatorium 
in an eight-year period 


ADMISSION AGE 
CASES 


4 


1 
1 


_ 


wn 


82 


F—female. T—total. 


Of important note is that, in the group under ten years of age, contact is 
known in 90 per cent of the cases, and under fifteen years of age, 70 per 
cent of all cases admitted had known contact. Of all patients admitted 
48 per cent had definite familial contact. The distribution of familial 
contact is shown in table 3. Not only are the parents concerned in the 
spread of tuberculosis, but the distant members of the family are in- 
volved. Marriage complicates the matter many times. (See figure 1.) 
In these two families tuberculosis was introduced by marriage on one 


| 
| | NUMBER 
INSET DE. HAVIN 
CASES. INOWN 
CONTACT 
0-4 1 
5-9 1 —j|- 1 
10-14 3 
15-19 8 
20-24 18 
25-29 16 
30-34 12 
35-39 10 
40-44 1 
45-49 3 
50-54 6 
55-59 4 
60-64 2 
65-69 
70- 
Totals.....| mi | 74 | 156 | 90 | 66 | 156 = 85 
M—nale, 
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side and we have been unable to trace its origin on the other, but disaster 


ter 
ry came when a tuberculous member of one family married one from 
ae another. We wish to stress that this represents only the eight-year 
nit period of observation. The family as a cesspool of tuberculous infection q 
me TABLE 3 
s Source of infection of patients admitted to Sanatorium i 
T ) NUMBER PER CENT ft 
Results of Marriage of Tuberculous Individuals In a Family Group F 
A 
OwWomen OMen * Sources of Infection 
@ Tuberculous Women MJ Tuberculous Men 
| is further demonstrated by multiple tuberculosis in family groups (table 4 
4). Two or more members of each of these families were admitted to t 
the sanatorium with clinical tuberculosis in an eight-year period and q 
represent 21 per cent of all patients admitted. Rarely do we find amem- i 


ber of the intimate family (not necessarily household) with a negative 
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tuberculin. The spread of tuberculosis within the family group cannot be 
overstressed. Every member of a tuberculous family should be X-rayed 
and followed by yearly X-rays as long as he lives. Public sanatoria 
that are not doing this are dissipating their opportunity, and the officials 
in charge are guilty of a gross neglect of public duty. Too often our 
public sanatoria are inadequately staffed, or are staffed with men who 
have not been trained in the epidemiology of tuberculosis. An inex- 
plicable thing to the authors is that a community will spend thousands 


TABLE 4 
Tuberculosis occurring in more than one member of the same family group 


MEMBERS OF FAMILIES GROUPS INDIVIDUALS 


i) 


— 


3 children 
Father and 1 child 
Father, 1 child and grandmother...................... 
Father, 1 child, sister-in-law 
Mother, father and 2 children 
Father, 1 child, 1 grandchild 
Mother, father, uncle, 1 child 
Sister, brother and 1 child 
2 sisters or 2 brothers 


Uncle or aunt and 1 niece or nephew 
Husband and wife 


In-law, brother and sister 
3 brothers, 1 sister, 1 niece 


158 


of dollars for a sanatorium and its equipment, and hedge on the price 
of a properly trained physician and an adequate social service depart- 
ment. 

There still remains a considerable percentage of patients who know 
of no contact. From table 5 it is obvious that there is considerable 
opportunity in the community for infection. Over one-eighth of patients 
admitted had symptoms over two years, undoubtedly they were spread- 
ing the disease far and wide. We have found year after year nurses and 
hospital workers heading the list of number of admissions. In spite of 
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all that has been written on this subject, our hospitals which should be 
places of healing are acting as a community centre for the spread of this 
plague. How long will our medical staffs bow to lay administration 
economy? How long will this medieval atrocity be permitted in this 
golden age of medicine? We must clean our Augean Stables before we 
can honestly ask industry to clean theirs. 

The final eradication of tuberculosis is dependent on the eradication 
of the foci from which it is spread. The family in which there has ever 
been tuberculosis must be exhaustively studied and the members peri- 


TABLE 5 
Duration of symptoms 
0 3 6 9 1 2 5 OVER 
MONTHS | MONTHS | MONTHS YEAR YEARS YEARS 5 YEARS 

0-4 10 0 0 0 0 0 0 0 
5-9 - 2 1 2 0 0 0 0 0 
10-14 7 2 1 0 3 0 0 2 
15-19 13 19 7 1 7 1 0 0 
20-24 10— 28 15 5 17 9 8 5 
25-29 13 30 y 3 10 9 7 1 
30-34 8 15 11 3 4 11 3 4 
35-39 8 9 8 2 8 7 6 2 
40-44 3 14 7 2 4 6 0 3 
45-49 2 12 1 6 0 6 3 
50-54 1 11 3 6 3 3 4 2 
55-59 2 4 3 1 7 2 3 5 
60-64 0 2 3 2 1 2 0 4 
65-69 0 1 1 1 2 2 0 0 
70-80 0 2 0 2 1 0 1 0 
Total..... 79 150 91 31 73 $2 38 31 


odically X-rayed, especially when their tuberculin tests become positive. 
We do not wish to decry tuberculin testing in grammar and high school, 
if adequate follow-up service is available and the source of infection is 
found and removed. This will eliminate further spread of the infection, 
but the damage that has been done cannot be undone. Some of those 
who were infected in childhood will have clinical tuberculosis during or 
after puberty. Furthermore, it will be necessary to follow the infected 
individual with yearly X-ray films as long as he lives. It seems to us 
the better policy to remove the original focus before the infection is 
spread. The authors believe that now is the time to supplement this 
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program of tuberculin testing children. The adult population, espe- 
cially that of families with a history of tuberculosis, however remote, 
should be tuberculin tested and those who are positive studied over long 
periods of time. Only in this way can we hope to eradicate tuberculosis 
in a comparatively short period of time. To find the spreader of tubercle 
bacilli after he has infected his family and other individuals is locking 
the barn door after the horse is stolen. With limited funds, more con- 
sideration than in the past should be given to the adult population, which 
is at least of equal importance in any campaign to eradicate tuberculosis. 
The percentage of active cases found would be greater and more sources 
of infection would be eliminated. Tuberculin testing of children in gram- 
mar and high schools, without adequate follow-up to find the source of 
infection, is useless, a waste of money and a squandering of time. About 
70 per cent of our cases under the age of fifteen were found by tuberculin 
testing and X-raying the members of families of patients in the sana- 
torium. The testing and X-raying of high school children will yield 
little if any better results than that of the grammar schools unless the 
source of infection is found. Clinical tuberculosis is not prevalent in the 
younger age groups. This is one point brought out by many workers 
and has been known for a number of years. The program of tuberculin 
testing children and following up contacts has yielded splendid results 
in the past and will continue to yield results, but if we are to eradicate 
tuberculosis, we must eliminate infection, and the one way to do that is to 
look for tuberculosis where it is most prevalent, and from where it is 
spreading. Any other program will only partially succeed. Recently 
there have been some workers who are stressing the omission of tuber- 
culin testing in older age groups. This is probably indicated in areas 
where the infection rate is extremely high. A recent experience in a 
plant located in Madison, Wisconsin, employing approximately 900 
persons all of whom were well advanced in adulthood, revealed that only 
17 per cent were positive to 0.1 mg. of OT. This strength of OT we 
have found to produce a positive reaction in almost every case of clinical 
tuberculosis, not practically moribund. Another factor to be considered 
is that one X-ray film is of little value in a campaign to detect early 
tuberculosis; to be effective, X-ray films must be repeated annually in 
those reacting positively to tuberculin. As tuberculin testing will detect 
practically all clinical tuberculosis, we do not feel that any, except a 
superficial campaign to eradicate the disease, should omit it. The detec- 
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tion of primary tuberculosis is a difficult task by X-ray, and he who 
would read an X-ray film positive for primary infection in a person who 
has reacted negatively to 1 mg. of OT has either more courage or a 
better interpretive acumen than most men reading X-ray films. Another 
reason for universal tuberculin testing is that often we read an X-ray 
film as negative when the tuberculin is positive, and it is as necessary 
to follow those who react positively to tuberculin’ without evidence of 
primary tuberculosis by X-ray, as it is to recheck those who do have 
roentgenological findings. 

Of the 709 patients admitted with a diagnosis of tuberculosis, 219, 
or approximately 33 per cent, died in an eight-year period. Tables 1 
and 2 give the distribution of these deaths. To be especially noted is 
the low percentage of deaths below the age of fifteen and the higher 
percentage of deaths in the older age groups. Though the number of 
deaths in the twenty to thirty year age group is greater than in any other 
age group, the percentage is not as large as that in older age groups. 
The idea that tuberculosis is relatively benign after thirty-five has not 
held in the experience at Lake View Sanatorium. One may be beguiled 
by the apparent benignity of the disease in those over thirty years of 
age. We do not doubt that before surgery the death rate in the young 
was excessively high and probably our statistics would not hold where 
extensive pneumothorax and surgery are not used. Therefore, we do 
not wish to leave the impression that tuberculosis in the age group of 
fifteen to thirty is more benign than in an older age group. Pneumo- 
thorax or surgery is more available in younger age groups and probably 
accounts for the lower mortality rate. 

In the eight-year period of study, it was necessary to readmit 101 
(15 per cent) of the 709 patients discharged from Lake View Sanatorium 
(table 6). (Some patients who were treated at home for small spreads 
are not included.) It is obvious that a considerable percentage who were 
discharged as apparently arrested, eventually recovered even after a 
relapse. Tuberculosis is a chronic relapsing disease and must be treated 
as such. Treatment must not stop at the sanatorium doors. 

In an intensive study of ex-patients for infection, the gastric contents 
of 115 consecutive cases in the out-patient department during a three- 
month period were studied by guinea pig inoculation. Twenty-one 
per cent were found positive with the contents of one aspiration. These 
patients had been classed as cured or arrested; blood count and X-ray 
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studies had been carried out every two to six months on these cases. 
In some of these cases, X-ray films on admission showed only a minimal 
or moderately advanced tuberculosis. 

Any person who once has had tuberculosis, no matter how small the 
lesion, must be considered as a potential spreader of the disease. Even 
in patients admitted with minimal tuberculosis, the gastric contents 
should be rendered negative for tubercle bacilli before the patient is 
discharged, and very often to do this it is necessary to resort to bronchos- 
copy to eliminate tuberculous tracheobronchitis and, where this does not 
exist, resort to pneumothorax and thoracoplasty after a not too long 
trial of rest treatment. Our recent experiences have led us to believe 
that too often rest will achieve a clinical cure with pathological activity 


TABLE 6 
Readmissions 


DISCHARGED LEFT AGAINST 
APPARENTLY ADVICE WITHOUT 
ARRESTED CONSENT 


Number Readmitted 62 
Readmitted twice 12 
Readmitted thrice 1 

Present Status of Readmissions 
Apparently arrested 
In sanatorium 18 

10 
Died (not tuberculosis) 1 

No Knowledge 0 


persisting. Hence we have come to supplement rest with surgical means 
even in minimal cases. Too often we have seen positive gastric lavage 
after two years of rest in minimal and moderately advanced cases. Many 
patients who were near discharge, when a negative gastric aspiration 
was added as one of the criteria of arrest, have had to have pneumothorax 
or a thoracoplasty before they were rendered free from tubercule bacilli. 
The gastric contents of some cases were never freed of tubercle bacilli 
regardless of therapy. 

The idea of a cure in tuberculosis should be discarded. An apparent 
cure may be reached. Two very striking cases have recently come under 
the care of one of the authors. One, a very recent admission, is a patient 
discharged after a thoracoplasty six years ago who had negative gastric 
lavage when we made our studies about eighteen months ago and who was 
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classed as cured according to blood counts and X-ray observation. This 
was an ideal patient, who never missed a clinic appointment in the six 
years she was out of the sanatorium, who, as far as our Social Service 
Department can determine, carried out our every medical order. 
A recent X-ray film revealed that she had developed a cavity within four 
months. The other was a patient with minimal tuberculosis who has 
been receiving pneumothorax for three years. Eighteen months ago, the 
gastric contents (one aspiration) were negative on guinea pig inoculation. 
The lung has been gradually reéxpanded. As a prelude to complete 
reéxpansion a gastric aspiration and guinea pig inoculation were done 
and found positive. 

The ex-patient must always be considered a source of infection and 
must never be told that he is safe. He must be carefully watched by 
frequent X-ray examinations by men competent to diagnose an early 
spread. Before discharge all patients should have at least one aspira- 
tion, negative on guinea pig inoculation. 

Sanatoria serving small areas are to be preferred to large state sana- 
toria. In these communities, the sanatorium becomes a part of the 
community, easily available to discharged patients as well as serving as 
a diagnostic centre to which local physicians may refer cases. The 
physician who is in charge of the sick is the one to examine their families. 
The relationship between the family and the sanatorium staff becomes 
closer than is possible by large state organizations making periodic 
examinations in different parts of the state. After all our work, 80 per 
cent of our patients are referred from private physicians. In the 
present wave of antistate medicine, the sanatorium staff working in local 
areas knows most of the private physicians and can work in harmony 
with them. By constant codperation over 95 per cent of the private 
physicians can be induced to join the campaign to eradicate tuberculosis. 
This is important, for in their hands lies the final verdict of the fight to 
eradicate this disease. 


SUMMARY 


1. Tuberculosis before the age of fifteen is not a common disease, and 
it usually is found in children who are direct contacts of other tuberculous 
individuals. 

2. Tuberculosis is common to all ages above fifteen. 

3. Admissions to a sanatorium lag behind the onset after the age of 
twenty. 


Sex 
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4. Incidence of tuberculosis, per unit of population, increases be- 
tween thirty and sixty years of age. 

5. The lag between onset of symptoms and admission to the 
sanatorium in about one-eighth of the patients was more than two years. 

6. Over 50 per cent of patients admitted to the sanatorium knew of 
definite contact. 

7. Contact of forty-eight per cent of all patients admitted to the 
sanatorium was familial. 

8. Twenty-one per cent of all patients admitted to the sanatorium 
in an eight-year period were individuals, two or more of whom came 
from the same family group. 

9. Thirty-three per cent of all patients diagnosed as tuberculous died 
during an eight-year period. 

10. Deaths under the age of fourteen are rare. (Consideration must 
be given to the fact that miliary tuberculosis rapidly carries off the 
infected infants and they are not admitted to the sanatorium.) 

11. A large percentage of patients who are readmitted after leaving the 
sanatorium of their own accord, and before they are apparently arrested, 
died. 

12. The gastric contents of 21 per cent of 115 consecutive ex-patients 
were positive for tubercle bacilli on guinea pig inoculation. 
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TUBERCULOSIS IN RABBITS! 


A Further Comparison of the Roentgenological and Pathological Findings in Primary 
and Reinfection Experimental Pulmonary Tuberculosis in Rabbits 


Part II. Reinfection Tuberculosis 
HUGH E. BURKE 


The roentgenological and pathological findings in vaccinated rabbits 
injected intratracheally with graded doses of bovine tubercle bacilli are, 
in some respects, strikingly different from the findings in healthy rabbits 
injected intratracheally with similar doses of comparable microérganisms. 

Reinfection experimental pulmonary tuberculosis will be described and 
discussed in this paper. 


HISTORICAL 


Several investigators have studied reinfection experimental pulmonary 
tuberculosis. The findings of some of those whose work has a bearing 


on the present study will be described at this point. 

Trudeau’s (1903) observations on experimental pulmonary tuberculosis 
in immunized rabbits, which Baldwin and Gardner cite in an excellent 
paper on reinfection in tuberculosis published in 1921, were briefly as 
follows: Trudeau produced a primary infection in a group of rabbits by 
the intravenous injection of an attenuated strain of tubercle bacilli 
(strain Ri, Saranac Laboratory). He then inoculated these rabbits as 
well as some healthy control rabbits “in the lungs” with virulent tubercle 
bacilli. He found that the rabbits which had been injected intravenously 
with attenuated bacilli prior to the “intrapulmonary” injection of viru- 
lent bacilli lived longer than the control animals. Nichols made a histo- 
logical study of the lungs of Trudeau’s rabbits, publishing one account 
of his observations in 1903 and another in 1905. He observed that the 
lungs of the immunized rabbits killed twenty-two days after the virulent 
inoculation showed a greater reaction than the lungs of the control ani- 
mals killed at a similar time. They frequently contained areas of tu- 


1 From The New York State Hospital for Incipient Pulmonary Tuberculosis, Ray Brook, 
New York. 
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berculous pneumonia in contrast to the lungs of the controls which con- 
tained tubercles joined by cell infiltration. He noted that the lungs of 
immunized rabbits killed one hundred and ten days after the virulent 
inoculation—all of the controls had died of tuberculosis before this time— 
contained only scattered minute tubercles consisting of epithelioid cells 
and a few larger tubercles with caseated centres. He also observed that 
the rest of the pulmonary tissue was apparently completely restored to 
normal. 

Philibert and Cordey (1925) produced reinfection tuberculosis in rab- 
bits by the injection, by various routes, of small and large doses of human 
and bovine tubercle bacilli. Most of the rabbits which they injected 
with microérganisms of the bovine type had progressive tuberculosis. 

Soper, Sampson and Haskins (1927) appear to have been the first 
investigators to make a roentgenological study of reinfection experimental 
pulmonary tuberculosis. They inoculated rabbits in the groin with hu- 
man tubercle bacilli. Several weeks later they instilled heavy suspen- 
sions of bovine tubercle bacilli into the nares of the animals. The bacilli 
were aspirated into one or both lungs. Chest roentgenograms of the 
rabbits taken on the fifth day following the instillation of bacilli usually 
revealed abnormal shadows. Roentgenograms made at later dates fre- 
quently showed increases in the size and number of the abnormal shad- 
ows. In a few instances, however, the shadows receded for a time. 
Necropsy examination showed that all of the rabbits had extensive pul- 
monary tuberculosis. 

Oppenheimer (1935), in an experimental study of the pathogenesis of 
“epituberculosis,” injected sensitized rabbits intratracheally with large 
doses of living or heat-killed bovine tubercle bacilli and followed the 
course of the disease with the aid of chest roentgenograms and necropsy 
examinations. The rabbits were sensitized by means of subcutaneous 
injections of attenuated (R1) or virulent (H37) tubercle bacilli. Serial 
chest roentgenograms of the rabbits injected intratracheally with living 
bovine bacilli disclosed abnormal shadows which progressed. These 
animals died of extensive pulmonary tuberculosis. Serial chest roent- 
genograms of most of the rabbits injected intratracheally with heat-killed 
microérganisms revealed abnormal shadows which progressed for two to 
four weeks, then retrogressed, and in some instances, disappeared. The 
lungs of some of the animals which were killed when all abnormal shadows 
had disappeared, contained only a slight residue of scar tissue. 


TUBERCULOSIS IN RABBITS 


EXPERIMENTAL 


Rabbits: The rabbits were litter mates of those used in the study of primary 
experimental pulmonary tuberculosis (Fart I). They were kept in cages 
indoors and offered a mash containing ground oats, middlings, bran, linseed 
meal, bone meal and skimmed milk powder and, in addition, liberal quantities 
of carrots, cabbage and lettuce. 


Subcutaneous injections: All of the animals were inoculated in the groin 
with 0.5 to 1.0 cc. of a heavy suspension of avirulent tubercle bacilli,? approxi- 
mately three weeks prior to the intratracheal injection of bovine microérgan- 
isms. The avirulent bacilli were cultivated on synthetic broth of pH 7.1 
to 7.4. These inoculations produced localized lesions which retrogressed but 
did not, within the limits of these experiments, completely resolve. 


Intratracheal injections: The rabbits were injected intratracheally with 
either 0.1 mg., or 0.5 mg. or 1.0 mg. of virulent bovine tubercle bacilli* The 
technique employed in making the bacillary suspensions and in injecting 
the animals intratracheally was similar to that described in Part I. Some of 
the groups of animals described in this study were injected with portions of 
the same suspensions of tubercle bacilli used in the injection of groups of 
animals described in the preceding study. This was done in order to reduce 
the chances of error in comparisons of primary and reinfection disease. 


Roentgenograms and autopsies: Chest roentgenograms were made at frequent 
intervals. Some of the rabbits were allowed to die; the others were killed at 
selected periods. The roentgenological and pathological findings were subse- 
quently reviewed and compared. 


The roentgenological and pathological findings in 51 vaccinated rab- 
bits will be presented in the present paper. Twenty-two of these rabbits 
were injected intratracheally with 0.1 mg. of bovine tubercle bacilli; 18, 
with 0.5 mg. and the remaining 11, with 1.0 mg. 


Rabbits Injected with 0.1 mg. of Bacilli 

The course of events in vaccinated rabbits injected intratracheally 
with 0.1 mg. of bovine tubercle bacilli was strikingly different from that 
in healthy rabbits injected with a similar quantity of comparable micro- 
organisms. The rabbits became ill within twenty-four hours. They 
refused to eat and sat in a corner of the cage. Most of the animals, after 
being ill for approximately one week, recovered. Some remained appar- 
ently well for one to two years. Others succumbed, after variable pe- 


2 Strain R1, Saranac Laboratory. 
Strain B1, Saranac Laboratory. 


4 
501 
f 
] 

| 4 

| 

! 
i} 

l 

y 

> f 

) i 

4 

| 

| 


502 HUGH E. BURKE 


riods, to progressive pulmonary tuberculosis. Large abnormal shadows 
were invariably found in the chest roentgenograms taken on the first 
day (table 1). The shadows in succeeding roentgenograms usually 
showed a gradual increase in size or density, attaining maximum pro- 


TABLE 


1 


Reinfection—0.1 mg. B1 


NUMBER OF 
RABBITS 


APPROXIMATE 
DATE OF 
LARGEST 

ABNORMAL 
SHADOWS 


APPROXIMATE 
DATE OF 
DISAPPEAR- 
ANCE OF 
SHADOWS 


APPROXIMATE 
DATE OF 
REAPPEAR- 
ANCE OF 
SHADOWS 


DURATION OF EXPERIMENT 


1st day 
ist day 
1st day 
1st day 
ist day 
1st day 
ist day 
1st day 
1st day 
1st day 


1st day 
ist day 
ist day 


ist day 
1st day 
1st day 
1st day 
1st day 
ist day 


ist day 
ist day 


ist month 
1st month 
ist month 
ist month 
ist month 
ist month 
ist month 
1st month 


ist month 
1st month 
ist month 


1st month 
ist month 


1st month 


3rd month 
3rd month 
4th month 
12th month 
4th month 
3rd month 


3rd month 


4th month 
3rd month 
3rd month 


3rd month 


10th month 
13th month 
12th month 


4th month 


. 4th month 
6th & 9th 
months 


2 years 6 months 
2 years 6 months 


1 year 
1 year 
1 year 
1 year 


1 year 


15 days 
3 months 
2 months 
5 months 
2 months 
6 days 
4 months 
7 months 


5 months 
4 months 
9 months 


9 days 

1 month 
4 months 
4 months 
2 days 

1 day 


1 hour 
1 day 
4 months 


Killed 
Killed 
Killed 
Died 
Killed 
Died 
Died 
Died 
Died 
Killed 


Killed 
Killed 
Killed 


Killed 
Killed 
Killed 
Killed 
Killed 
Killed 
Died 

Killed 
Killed 


* Rabbits Nos. 344 and 347 had large tuberculous abscesses in the subcutaneous tissues of 
the neck. 


portions in the latter part of the first month. Roentgenograms made 
during the second and third months, with one exception, showed pro- 


gressive decreases in the size and the density of the shadows. The 
abnormal shadows in the roentgenograms of many of the rabbits dis- 
appeared during the third or the fourth month. In some instances no 
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346 
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430-435) 6 
430 — — 
431 
432 a 4th month — 
433 4th month — 
434 — 
435 
462-464) 3 
464 
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abnormal shadows were found in any chest roentgenograms taken after 
the original abnormal shadows disappeared, although the animals were 
followed for one to two years. In other instances abnormal shadows 
began to reappear after the chest roentgenograms had been negative for 
periods ranging from six to eleven months. Once abnormal shadows be- 
gan to reappear, succeeding roentgenograms invariably disclosed more 
and more shadows. These rabbits became ill and lost weight. They 
died of wide-spread tuberculosis between two and five months after the 
reappearance of abnormal shadows. 

The roentgenological and pathological findings in 2 rabbits, one of 
which recovered and remained apparently well for a long period and one 
of which recovered only to die of tuberculosis at a later date, will be 
described in succeeding paragraphs. 

The findings in a rabbit which recovered and was apparently well when 
killed two and one-half years after the intratracheal injection were as 
follows: 


Rabbit No. 340: Killed at two years and six months: A roentgenogram taken 
on the first day following the intratracheal injection disclosed a faint homo- 
geneous shadow with indefinite margins in the lower half of the left lung field. 
The shadows in this site in serial roentgenograms made during the following 
weeks became more dense attaining maximum opacity in the latter part of 
the first month. Thereafter the shadows retrogressed. No abnormal shadows 
were found in any chest roentgenograms taken after the third month, although 
both posteroanterior and lateral roentgenograms were made at monthly inter- 
vals for over two years. Stereoscopic roentgenograms of the excised inflated 
lungs failed to disclose any evidence of pulmonary disease. 

The pleurae were smooth and glistening. A portion of the ventral lappet 
of the left upper lobe was emphysematous. There was a small jagged groove, 
about 1.5 cm. long and less than 0.1 cm. wide, in the apical part of the left 
lower lobe. Close inspection of this groove revealed a minute area of gray 
consolidation. Two small gray lesions (0.1 cm. in the largest diameter) were 
found in the dorsal and diaphragmatic portion of the right lower lobe. Both 
lungs inflated readily in the negative pressure chamber. At the height of 
inflation the left lung was as large as the right lung. There was no puckering 
at the site of disease in the left lower lobe. The paratracheal lymph nodes 
were moderately large. They were yellow to gray in color and gelatinous in 
consistency. No lesions were found in the liver, spleen, kidneys, testes, 
epididymes and intestines. 

After the chest had been inspected, saline extracts of selected portions of 
each lung were prepared and injected into guinea pigs. (This procedure made 
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it impossible to fix the lungs in the inflated state in the routine way.) Both 
the animal injected with the saline extract of the right lung and the one injected 
with the saline extract of the left lung showed typical tuberculous lesions when 
killed two months later. 

The sections consisted of portions of both lungs. Many of the interalveolar 
septa were thick and tortuous. The thickening and tortuosity of the septa 
were in part due to the collapsed state of the lungs. The left lung differed 
from the right lung in that it contained large lymph follicles and a minute 
linear area of consolidation. Many of the lymph follicles were markedly 
hypertrophic and hyperplastic. A few contained isolated collections of pale 
mononuclear leucocytes. The walls of bronchi adjoining some of the large 
lymph follicles were infiltrated with leucocytes. The linear area of consolida- 
tion consisted of unusually thick interalveolar septa studded with pale mono- 
nuclear leucocytes, lymphocytes and fibroblasts. Many of the alveoli in this 
area were small and irregular in shape. Some were filled with large pale 
mononuclear leucocytes. Caseous foci and giant cells were lacking. There 
were a few tubercles and some strands of fibrous tissue in the adjoining pul- 
monary tissue. Some of the alveoli near the visceral pleura were distinctly 
emphysematous. The pleura, in places, was infiltrated with leucocytes and 
fibroblasts. The right lung contained only a few small collections of pale 
mononuclear leucocytes and lymphocytes. 

(Plate 1 contains illustrations of some of the roentgenological and patho- 
logical findings in rabbit No. 340.) 


The findings in a rabbit which died of tuberculosis were as follows: 


Rabbit No. 345: Died at one year and five months: The abnormal shadows in 
the early chest roentgenograms of this animal were comparable to those in 
the roentgenograms of the rabbit described in the preceding protocol. They 
disappeared at the end of the fourth month. No abnormal shadows were 
found in any roentgenograms taken between the fifth month and the thirteenth 
month. A roentgenogram made in the latter part of the thirteenth month 
disclosed a large homogeneous density in the left lung field and a small faint 
shadow in the peripheral portion of the right lung field. The large density in 
the left lung field quickly gave place to multiple small homogeneous shadows 
with indefinite margins. Numerous mottled shadows appeared in the right 
lung field. A roentgenogram, made when the animal was moribund, showed 
abnormal shadows throughout both lung fields. The striking features of the 
roentgenograms of the excised lungs were as follows: The lung fields were of 
unequal size, the left being much smaller than the right. Abnormal shadows 
occupied all but the diaphragmatic portions of the lung fields. The shadows 
in the two lung fields were similar, except for the fact that there were a few 
dense discrete shadows in the apical portion of the left lung field. 
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The lungs were in contact with the chest wall and the diaphragm. They 
collapsed to a moderate degree when the chest was opened. A single slender 
adhesion bound the right lower lobe to the lateral chest wall. There was no 
free fluid in the pleural spaces. Three or four firm yellow nodules were found 
on both lateral chest walls. These nodules varied in shape and size. The 
largest were ovoid and had diameters of approximately 0.8 to 1.2 cm. They 
presented smooth glistening pleural surfaces. They were firmly attached to 
the chest wall. The lungs were firm and essentially noncrepitant. Both 
contained multiple areas of pale gray to yellow consolidation. The left lung 
was slightly smaller than the right lung. Some of the alveoli at the periphery 
of the left upper lobe were distinctly emphysematous. The lungs inflated very 
little, even when high negative pressures were used. The paratracheal lymph 
nodes, especially those on the left side of the trachea, were large and gelatinous. 
There were two small tubercles in the serosa of the caecum. The kidneys were 
studded with gray and yellow tubercles of various sizes. There were tuber- 
culous lesions in the epididymes. The liver, spleen and testes contained no 
macroscopical tubercles. 

Sections of the left lung disclosed extensive areas of caseofibrous tubercu- 
losis, vast collections of pale mononuclear leucocytes and two small cavities. 
The walls of the cavities consisted essentially of fibrous tissue infiltrated with 
mononuclear leucocytes. There was a single minute caseous focus in the wall 
of the smaller cavity. A portion of the wall of one of the large bronchi in the 
left lower lobe showed signs of inflammation and ulceration. A caseous focus 
adjoining the area of ulceration appeared to be discharging material into the 
lumen of the bronchus. Giant cells were found at the margins of some of the 
caseofibrous lesions. The fibrous tissue surrounding many of the caseous foci 
was densely infiltrated with lymphocytes. Sections of the right lung dis- 
closed numerous caseofibrous lesions and many large collections of pale mono- 
nuclear leucocytes. No cavities and no areas of bronchial ulceration were 
found. The pleura overlying both lungs showed chronic inflammatory 
changes. Sections of a paratracheal lymph node disclosed a few caseous 
tubercles and dilated sinuses filled with large mononuclear leucocytes. 

(Some of the roentgenological and pathological findings in rabbit No. 345 
are illustrated in plate 2.) 


The early roentgenological findings in the rabbits described in the pre- 
ceding protocols were practically identical. Abnormal shadows appeared 
on the first day following the intratracheal injection, attained maximum 
proportions in the latter part of the first month, and disappeared during 
the fourth month. The late roentgenological findings in the 2 rabbits, 
however, were strikingly different. No abnormal shadows were sub- 
sequently found in the chest roentgenograms of one rabbit. This animal 
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was killed two and one-half years after being injected intratracheally. 
Abnormal shadows reappeared in the roentgenograms of the other rabbit 
after a lapse of several months and rapidly increased in size and number. 
This animal died of ulcerative pulmonary tuberculosis approximately one 
and one-half years after the intratracheal injection. 

The roentgenological findings in 3 of the 4 rabbits which, like rabbit 
No. 340, recovered and remained apparently well for long periods were 
similar. The abnormal shadows in the roentgenograms of the fourth 
animal did not disappear until the twelfth month. These rabbits were 
killed at intervals of one year and two months, one year and seven 
months, and two years and six months following the intratracheal in- 
jection. An analysis of the necropsy findings in these animals disclosed 
the following points: The lungs contained few lesions of macroscopical 
proportions. There were, as a rule, several minute tubercles and a 
single small linear area of gray consolidation in the left lung. The right 
lung occasionally contained one or more small gray lesions. Micro- 
scopical examination showed that most of the linear areas of consolidation 
were composed of interalveolar septa infiltrated with mononuclear leuco- 
cytes and fibroblasts and misshapen air spaces filled with large pale 
mononuclear leucocytes. One area of gray consolidation, that in the left 
lung of rabbit No. 344, proved to consist of a cluster of tubercles and 
fibrocaseous lesions surrounding a small cavity. (This animal was killed 
because it was having difficulty in breathing. Necropsy examination 
disclosed a large cold abscess in the deep tissues of the neck and ulceration 
and fibrosis of the wall of the trachea. It seems probable that the ani- 
mal’s respiratory difficulties were due to stenosis of the trachea.) The 
lungs of one rabbit (No. 340) contained viable tubercle bacilli, for guinea 
pigs injected with saline extracts of the left lung and the right lung 
respectively of this animal showed typical tuberculous lesions when killed 
two months after being injected. No tuberculous lesions were found in 
the intestines, liver, spleen, kidneys or generative organs of these 4 
rabbits. 

The roentgenological findings in the 3 rabbits which, like rabbit No. 
345, died of wide-spread tuberculosis were strikingly similar. Abnormal 
shadows reappeared in the roentgenograms of all 3 sometime between the 
tenth and the thirteenth month. The new shadows appeared simultane- 
ously in both lung fields in two instances, and first in the left lung field 
and then in the right lung field in one instance. These rabbits died be- 
tween one year and two months and one year and five months following 
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the intratracheal injection. The salient features of an analysis of the 
necropsy findings in these animals were as follows: All had plastic pleu- 
ritis. The pleural spaces of one animal (No. 343) contained 10 cc. or 
more of clear serous fluid. Firm pale yellow nodules were found on the 
parietal pleura in two instances. The lungs of all contained vast collec- 
tions of pale mononuclear leucocytes and extensive areas of fibrocaseous 
tuberculosis. There were cavities in the left lung of every animal and 
in the right lung of 2 animals. Most of the cavities had caseofibrous 
walls. One or more of the large bronchi of the left lung of 2 of the rabbits 
showed signs of necrosis and ulceration. A caseous focus appeared to 
be discharging material into the lumen of a large bronchus in one instance. 
The paratracheal lymph nodes were large and soft. Sections of the nodes 
showed dilated sinuses filled with pale mononuclear leucocytes and lym- 
phocytes and, on occasion, a caseous tubercle. The intestines and the 
kidneys of all 3 rabbits contained typical tubercles. Small collections 
of pale mononuclear leucocytes were found in the sinuses of the spleen 
in twoinstances. One animal had a tuberculous abscess in the mammary 
tissue adjacent to the umbilicus. Another had a tuberculous epidid- 
ymitis. 

An attempt to trace the evolution of lesions such as those of the fore- 
going rabbits was made by killing similarly injected animals at selected 
periods and studying the roentgenological and pathological findings. 
This method is open to the criticism that some rabbits with reinfection 
pulmonary tuberculosis induced by 0.1 mg. of bovine tubercle bacilli 
recover and remain apparently well for long periods and that others re- 
cover only to die of tuberculosis subsequently and that we cannot fore- 
tell which are going to remain well and which are going to die. The 
method has, nevertheless, yielded valuable information concerning the 
pathogenesis of reinfection tuberculosis induced in the manner described 
herein. 

Two rabbits were killed when abnormal shadows were first detected, 
that is, on the first day following the intratracheal injection. The ab- 
normal shadows in the chest roentgenograms of these animals were faint 
homogeneous ones situated in the left lung field. Most of the shadows 
had poorly defined margins. A few, however, had one or more sharply 
defined margins. Stereoscopic roentgenograms of the excised inflated 
lungs revealed large homogeneous shadows of irregular shape and varied 
density in the left lung field and ovoid opacities proximate to the outline 
of the trachea. The left lung of each rabbit contained purplish red areas 
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of consolidation. The pulmonary tissue adjoining these areas was pale 
pink. There were no lesions in the right lung of either rabbit. The 
paratracheal lymph nodes of both were large, soft and gray. No lesions 
were found in the intestinal tract, liver, spleen, kidneys and generative 
organs of either animal. Sections of the lungs showed that the alveoli 
in the areas of consolidation contained variable numbers of leucocytes, 
some erythrocytes and traces of serum. Many of the leucocytes were 
large pale mononuclears; a few were polymorphonuclears. The inter- 
alveolar septa in these areas were thick. They contained moderate 
numbers of leucocytes. The small blood vessels and capillaries were not 
appreciably dilated. One paratracheal lymph node contained a few 
small clusters of pale mononuclear leucocytes. The foregoing evidence 
indicates that the lungs of rabbits killed when abnormal shadows are 
first detected contain areas of consolidation in a state of red hepatization. 
(Plate 3 depicts some of the roentgenological and pathological findings 
in one of the above described rabbits, No. 463.) 

The roentgenograms of a rabbit killed on the second day contained 
shadows similar to, but slightly denser than those in the roentgenograms 
of the animals killed on the first day. Areas of dull red to gray consoli- 
dation, similar microscopically to the lesions observed on the first day, 
were found in the left lung of this animal. 

The final chest roentgenograms of 2 rabbits killed, the one on the 
ninth day and the other on the fifteenth day, revealed large homogeneous 
shadows with poorly defined margins in the left lung field. These shad- 
ows, in contrast to the shadows in roentgenograms of rabbits killed at 
early stages, were cast by more or less sharply defined areas of gray 
consolidation of varied size and shape. These areas of consolidation con- 
sisted of vast collections of large pale mononuclear leucocytes dotted with 
minute—less than 1 mm. in diameter—necrotic foci. There were poly- 
morphonuclear leucocytes in and around most of the necrotic foci. Some 
of the bronchi in the left lung of each animal contained leucocytes and 
debris. A large thrombosed blood vessel was found in an area of con- 
solidation in one case. The foregoing observations demostrate that tu- 
berculous foci in a state of red hepatization become, on or before the 
ninth or fifteenth day, areas of gray consolidation containing minute 
necrotic foci. 


One rabbit was killed approximately one month after the intratracheal injec- 
tion, at a time when large shadows of varied density occupied the lower half 
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of the left lung field. Stereoscopic roentgenograms of the excised lungs of 
this animal disclosed extensive shadows in the left lung field, a few minute 
shadows in the right lung field and a circular density proximate to the outline 
of the left main bronchus. Most of the shadows in the left lung field had 
clearly defined margins. A few, however, had indefinite margins. Compari- 
son of the roentgenological and pathological findings showed that the roent- 
genograms of the excised inflated lungs depicted the site, shape and size of the 
pulmonary lesions better than the chest roentgenograms. The left lung of 
this animal contained numerous areas of gray consolidation dotted with minute 
yellow foci. Sections showed that these areas consisted of vast collections of 
pale mononuclear leucocytes studded with minute necrotic and caseous foci, 
and small aggregates of mononuclear leucocytes surrounded by lymphocytes 
and immature fibrous tissue. There were a few giant cells among the leuco- 
cytes and fibroblasts encircling some of the caseous foci. The largest areas 
of caseation measured approximately 1 mm. in diameter. Sections stained 
by Weigert’s method disclosed elastic tissue in alveolar arrangement in many 
of the necrotic and caseous foci. The paratracheal lymph nodes were slightly 
enlarged. No lesions were found in the right lung, intestinal tract, liver, 
spleen, kidneys and generative organs. The foregoing observations indicate 
that the lungs of rabbits similarly injected and presenting comparable chest 
roentgenograms contain, at the end of the first month, areas of tuberculous 
pneumonia studded with minute necrotic and caseous foci. (Plate 3 contains 
reproductions of some of the roentgenological and pathological findings in 
the above described animal, No. 431.) 


The roentgenological and pathological findings in one of 4 rabbits 
killed soon after the abnormal shadows had disappeared were as follows: 


Rabbit No. 433: Killed at one hundred two days: The abnormal shadows in the 
early chest roentgenograms of this rabbit were similar to those in the chest 
films of the animals described in the preceding protocols. Roentgenograms 
made during the second and third months disclosed progressive decreases in the 
size and the density of the abnormal shadows. A roentgenogram taken in the 
latter part of the third month was the counterpart of a film made on the first day 
following the intratracheal injection. No abnormal shadows were found in 
roentgenograms (posteroanterior and lateral) made during the fourth month. 
Stereoscopic films of the excised lungs made one hour after the final chest films, 
however, revealed a few abnormal shadows in the left lung field and several 
small irregularly shaped densities proximate to the outline of the trachea. 
The abnormal shadows in the left lung field were situated near the outline of 
the main bronchus of the left lower lobe. No abnormal densities were found 
in the right lung field. 
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The postmortem findings were as follows: Pleuritic adhesions were lacking. 
There was no excess fluid in the pleural spaces. Inspection of the lungs dis- 
closed a pyramidal area (.5 x .5 x .3 cm.) of gray consolidation, a short linear 
area (.8 x .2 x .1 cm.) of similar consolidation and one minute gray tubercle 
in the apical portion of the left lower lobe. No other macroscopical lesions 
were found in this lobe or in any of the other lobes. The lungs inflated readily, 
and seemingly equally well, in the negative pressure chamber. The para- 
tracheal lymph nodes were moderately large, gray or dull red and soft. There 
were no macroscopical lesions in the intestines, liver, spleen and kidneys. 

After the lungs had been inspected, parts of the dorsal portions of the left 
upper and lower lobes and parts of the ventral portions of the right upper 
middle and lower lobes were removed with the aid of sterile instruments. 
(Removal of these tissues made it impossible to distend the lungs with Zenker’s 
fixative in the routine way.) The tissues removed from the left lung contained 
one small area of gray consolidation; those removed from the right lung con- 
tained no macroscopical lesions. Saline extracts of the tissues removed from 
each lung were prepared and injected into guinea pigs. Both the guinea pig 
injected with the extract of the left lung and the guinea pig injected with the 
extract of the right lung showed typical tuberculous lesions when killed two 
months after the injection. 

Sections of the lungs disclosed thick interalveolar septa and partially col- 
lapsed alveoli. There were a few small collections of pale mononuclear leuco- 


cytes surrounded by lymphocytes and fibrous tissue in the apex of the left 
lower lobe. The centre of one of these tubercles was caseous. There were 
some giant cells near the area of caseation. No other lesions were found in 
the remaining portions of the left lung available for microscopical examination. 
There were no definite lesions in the sections of the right lung. 

(Some of the roentgenological and pathological findings in rabbit No. 433 
are illustrated in plate 4.) 


The shadows in the early chest roentgenograms of the foregoing case 
were similar to the shadows in the chest films of rabbits killed during 
the first month. Roentgenograms made during the second and third 
months disclosed progressive decreases in the size and the density of the 
abnormal shadows. No abnormal shadows were found in chest films 
(posteroanterior and lateral) takenin the fourth month. The rabbit was 
killed about the middle of the fourth month. Stereoscopic roentgeno- 
grams of the excised inflated lungs revealed a cluster of small densities 
and a few linear shadows near the outline of the main bronchus of the 
left lower lobe. Necropsy examination disclosed minute areas of gray 
consolidation in the apical portion of the left lower lobe. These areas 
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consisted of collections of pale mononuclear leucocytes surrounded by 
lymphocytes and fibrous tissue. One contained a minute caseous focus. 
No definite lesions were found in the right lung. Both lungs, however, 
undoubtedly contained virulent tubercle bacilli, for guinea pigs injected 
with saline extracts of the left lung and the right lung respectively showed 
typical tuberculous lesions when killed two months after the injection. 
The intestines, liver, spleen and kidneys of the rabbit contained no macro- 
scopical lesions. 

The roentgenological and pathological findings in the 3 remaining rab- 
bits killed soon after the abnormal shadows had disappeared were similar 
to those in the foregoing case. There were only a few minute tubercles 
and an occasional strand of fibrous tissue in the left lung. No lesions 
were found in the right lung in two instances. The right lung of the 
third animal contained a small cluster of pale mononuclear leucocytes 
surrounded by lymphocytes. There were no lesions in the intestinal 
tract, liver, spleen, kidneys and generative organs of any of these animals. 

The roentgenological and pathological findings in a rabbit killed soon 
after abnormal shadows began to reappear were as follows: 


Rabbit No. 423: Killed at one hundred fifteen days: The abnormal shadows 
in the early chest roentgenograms of this animal were similar to those in the 
chest films of the rabbits described above. The shadows receded during the 
second and third months. No abnormal densities were found in films taken 
in the latter part of the third month and the early part of the fourth month. 
Abnormal shadows were again detected in the left lung field of a roentgenogram 
made late in the fourth month, that is, at one hundred eleven days. A 
film taken four days later revealed somewhat denser and possibly somewhat 
larger shadows in the same lung field. No abnormal opacities were noted 
in the right lung field. The rabbit was killed at this time. Roentgenograms 
of the excised inflated lungs disclosed numerous irregularly shaped shadows 
in the left lung field, a few small shadows in the right lung field and an oblong 
density proximate to the outline of the trachea. Some of the shadows in the 
left lung field contained dark areas suggestive of pulmonary cavities. 

The necropsy findings were as follows: There were no pleuritic adhesions. 
The left lung contained numerous areas of gray consolidation studded with 
minute yellow foci and a single area of red consolidation. No cavities were 
found. There was a small area of red consolidation in the ventral lappet of 
the right lower lobe. The paratracheal lymph nodes were large, soft and gray. 
No lesions were found in the intestinal tract, liver, spleen and testes. One 
kidney contained a small tuberculous lesion. 

Sagittal sections of the left lung disclosed many collections of pale mono- 
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nuclear leucocytes containing poorly walled off necrotic and caseous foci 
measuring up to 2mm. in diameter. The centre of one large collection of 
mononuclear leucocytes, situated in the apex of the lower lobe, consisted of a 
cluster of fibrocaseous lesions. The walls of some of the bronchi in this area 
were necrotic. The lumina of many were filled with cells and debris. Small 
sections of the area of red consolidation noted in the left lung revealed alveoli 
containing variable numbers of mononuclear leucocytes and erythrocytes. 
The capillaries in the interalveolar septa in this area were dilated. Sagittal 
sections of the right lung disclosed a cluster of lesions consisting of clumps of 
large mononuclear leucocytes studded with minute caseous foci. The capil- 
laries in the septa adjoining these lesions were not abnormally conspicuous. 
There were large mononuclear leucocytes in some of the intrapulmonary lymph 
follicles. The paratracheal lymph nodes were hypertrophic and hyperplastic. 
They, like the intrapulmonary lymph follicles, contained clusters of pale 
mononuclear leucocytes. 

(Some of the roentgenological and pathological findings in rabbit No. 423 
are illustrated in plate 5.) 


The abnormal shadows in the early chest roentgenograms of the rabbit, 
the findings in which have just been described, were comparable to those 
in the early chest roentgenograms of other rabbits in this group. The 
original abnormal shadows disappeared in the third month. New ab- 


normal shadows suddenly appeared in the lower half of the left lung 
field in the latter part of the fourth month. The rabbit was killed four 
days after these abnormal shadows were noted. Roentgenograms of the 
excised inflated lungs proved to depict the lesions more accurately than 
the chest roentgenograms as a comparison of the illustrations in plate 5 
shows. Most of the shadows in the left lung field were cast by areas of 
gray consolidation consisting of vast collections of pale mononuclear 
leucocytes studded with necrotic and caseous foci. One shadow, which 
was in no wise different from the other shadows, was cast by a small 
area of red consolidation. Microscopical examination showed that the 
alveoli in this area contained variable numbers of mononuclear leucocytes 
and erythrocytes and that the capillaries in the interalveolar septa were 
dilated. The shadows in the left lung field, considered indicative of pul- 
monary cavities, proved.to be cast by areas of gray consolidation situated 
at different depths. There were no cavities in the left lung. Micro- 
scopical examination disclosed a cluster of fibrocaseous lesions in a vast 
collection of pale mononuclear leucocytes in the apex of the left lower 
lobe. The walls of some of the bronchi adjoining the cluster of fibro- 
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caseous lesions were necrotic. Many of the bronchi in this area contained 
cells and debris. There was a tuberculous lesion in one kidney. 

Two other rabbits were killed soon after abnormal shadows began to 
reappear. The roentgenological findings in these animals were somewhat 
different from those in the above described case. In one instance (rab- 
bit No. 348) the original abnormal shadows failed to disappear before 
other shadows began to appear. In the other instance (rabbit No. 424) 
abnormal shadows appeared in the left lung field in the sixth month and 
in the right lung field in the ninth month. The latter animal was killed 
three days after abnormal shadows were noted in the right lung field. 
Some of the abnormal shadows found in the roentgenograms of these 
animals had poorly defined margins; others had clearly defined margins. 
Comparison of the roentgenological and pathological findings showed that 
most of the abnormal shadows were due to areas of gray consolidation 
of varied size and shape. Many of the areas of consolidation contained 
caseous foci; some were partially surrounded by fibrous tissue infiltrated 
with lymphocytes. No cavities were found in the lungs of these animals. 
There were, however, areas of ulceration in the walls of some of the bron- 
chi in the left lung in both cases. The kidneys of one animal (No. 424) 
contained a few small tubercles. 

In summary, the findings in the rabbits described herein indicate that 
the steps in the evolution of reinfection tuberculosis induced in vaccinated 
rabbits by the intratracheal injection of 0.1 mg. of bovine tubercle bacilli 
are as follows: Areas of red consolidation develop in the left lung within 
the first day. These areas of consolidation become gray within a day 
or two. Minute necrotic foci appear in them sometime during the first 
week. By the end of the first month the left lung contains large areas 
of tuberculous pneumonia studded with minute necrotic and caseous 
foci. These areas of tuberculous pneumonia undergo a striking degree 
of resolution during the next two or three months. There are, by the 
fourth or the fifth month, only a few minute cellular or fibrocaseous tu- 
bercles and possibly some scattered strands of fibrous tissue in the left 
lung. In some instances these lesions remain quiescent for months and 
years. In other instances, however, caseous foci sooner or later invade 
the walls of bronchi and new areas of consolidation suddenly appear in 
the left lung or in the right lung or in both lungs simultaneously. 
These areas of consolidation, when first seen, are usually gray. Many 
of them contain macroscopical caseous foci. Once new lesions appear 
the disease becomes progressive. The rabbits invariably die of wide- 
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spread tuberculosis within a few months. Tubercles sometimes appear 
in the kidneys about the time that new lesions begin to develop in the 
lungs. The kidneys of many of the animals which die are studded with 
tubercles. The intestinal tract and the epididymes of some contain tu- 
berculous lesions. 


Rabbits Injected with 0.5 mg. of Bacilli 


The roentgenological findings in this group of rabbits (table 2) were, 
in many respects, similar to the findings in the vaccinated animals in- 
jected intratracheally with 0.1 mg. of microérganisms. They differed 
from the latter, however, in that, with one exception, abnormal shadows 
reappeared in the chest roentgenograms of all of the animals which were 
followed six months or more. The abnormal shadows which appeared 
on the first day following the intratracheal injection were no larger and 
no denser than the original shadows in films of rabbits injected with the 
smaller dose of bacilli. Even the shadows in roentgenograms taken at 
the end of the first month were similar to the shadows in comparable 
films of the animals in the preceding group. The original abnormal 
shadows disappeared, in most instances, sometime between the third and 
the fifth months. New abnormal shadows appeared in the chest roent- 
genograms of 8 of 10 rabbits sometime between the fourth and the four- 
teenth months. In one instance abnormal shadows reappeared in the 
nineteenth month. In another case abnormal shadows failed to reappear 
although roentgenograms were taken at intervals for a period of two 
years following the intratracheal injection. New abnormal shadows 
appeared first in the left lung field in three instances; first in the right 
lung field in one instance; and simultaneously in both lung fields in four - 
instances. Serial roentgenograms taken after the reappearance of ab- 
normal shadows invariably disclosed increases in the number and the 
size of the shadows. Signs of pulmonary cavitation were not discovered. 
Evidence of a spontaneous pneumothorax was noted in one instance. 
Most of the rabbits in which the course of the disease was not interrupted 
died of wide-spread tuberculosis one to six months after the reappearance 
of abnormal shadows. 

The roentgenological and pathological findings in the rabbit which 
died with a spontaneous pneumothorax were as follows: 


Rabbit No. 373: Died at two hundred ninety-six days: A chest roentgeno- 
gram taken on the first day following the intratracheal injection revealed a 
large homogeneous shadow with poorly defined margins in the left lung field. 
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Succeeding films disclosed increases in the size and density of the shadows in 
this site. Abnormal shadows occupied all but the apical portion of the left 
lung field of roentgenograms taken in the latter part of the first month. 
Films made during the second and the third months disclosed decreases in the 
size and density of the shadows. The receding shadows, like the opacities 
in the early roentgenograms, had poorly defined margins. No abnormal 


shadows were found in any films taken between the fourth and the seventh 


TABLE 2 


Reinfection—0.5 mg. B1 


APPROXI- 
MATE DATE 
OF FIRST 
ABNORMAL 
SHADOWS 


APPROXIMATE 
DATE OF 
LARGEST 

ABNORMAL 
SHADOWS 


APPROXIMATE 
DATE OF 
DISAPPEAR- 
ANCE OF 
SHADOWS 


APPROXIMATE 
DATE OF 
REAPPEAR- 
ANCE OF 
SHADOWS 


DURATION OF EXPERIMENT 


419-420 
419 
420 

436-439 
436 
437 
438 
439 

465-466 
465 
466 


1st day 
1st day 
1st day 
1st day 
ist day 
ist day 
ist day 
1st day 


1st day 
9th day 


1st day 
ist day 


1st day 
ist day 
1st day 
ist day 


ist day 
ist day 


1st month 
ist month 
ist month 
ist month 
2nd month 
ist month 
ist month 
ist month 


ist month 
ist month 


ist month 
1st month 


ist month 


3rd month 
4th month 
4th month 
9th month 
3rd month 
3rd month 
4th month 


4th month 
5th month 


3rd month 
3rd month 


3rd month 


6th month 
14th month 
9th month 
12th month 
4th month 
7th month 
12th month 
7th month 


19th month 


1 year 
1 year 
1 year 


1 year 


2 years 


1 year 


10 months 
3 months 
1 month 


10 months 
9 months 


10 months 
4 months 
5 months 
7 months 

15 days 
1 month 
9 days 
1 day 


1 day 
4 months 


Died 
Died 
Died 
Died 
Died 
Died 
Died 
Died 


Killed 
Killed 


Killed 
Killed 


Killed 
Killed 
Killed 
Killed 


Killed 
Killed 


months. Then, suddenly, at thirty-one weeks and five days, a small abnormal 
shadow with indefinite margins appeared in the peripheral portion of the 
right lung field. Succeeding roentgenograms disclosed abnormal shadows in 
both lung fields. By the end of the ninth month the lung fields contained 
many small abnormal shadows. (The rabbit, although obviously ill, was not 
short of breath at this time. Shortly afterward the animal became very 
dyspnoeic and died.) A roentgenogram made when the rabbit was dyspnoeic 
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revealed extensive shadows in the right lung field and signs of pneumothorax 
on the left side. 

The necropsy findings were as follows: The right lung was in contact with 
a small portion of the right leaf of the diaphragm. The left lung was not in 
contact with the diaphragm. There was considerable air in the left pleural 
space. The left lung was partially collapsed. Adhesions were lacking. 
There was not an appreciable amount of fluid in the pleural spaces. Inspection 
of the lungs, after removal from the body, showed that both contained many 
areas of gray consolidation of varied size and shape. Examination of the 
lungs in the negative pressure chamber proved unsatisfactory. They re- 
sponded sluggishly to increasing negative pressures and failed to remain 
inflated even when high negative pressures were maintained. It seems prob- 
able that there was a pleuropulmonary fistula in the left lung, although a 
search failed to disclose such a defect. The paratracheal lymph nodes were 
large, soft and gray. ‘There were tubercles in both kidneys. No tuberculous 
lesions were found in the intestinal tract, liver, spleen and generative organs. 

Sections of the lungs showed isolated and conglomerate caseofibrous lesions, 
vast collections of pale mononuclear leucocytes and several small cavities. 
The caseofibrous lesions in the left lung were similar to those in the right lung. 
Many of the alveoli adjoining the caseofibrous lesions contained variable 
numbers of pale mononuclear leucocytes and a few polymorphonuclear leuco- 
cytes. The alveoli adjacent to some of the large lesions in the left lower lobe 
contained traces of serum as well as leucocytes. There were collections of 
cells and debris in the lumina of many of the bronchi. A small (2 mm. in 
diameter) cavity with fibrocaseous walls was found in the medial and lower 
portion of the left lower lobe. The right lower lobe contained a trabeculated 
cavity measuring approximately 5 mm. in the largest diameter. The pleura 
overlying many of the lesions in both lungs showed chronic inflammatory 
changes. The paratracheal lymph nodes contained dilated sinuses filled with 
leucocytes and debris. 

(Plate 6 contains illustrations of some of the roentgenological and patho- 
logical findings in rabbit No. 373.) 


Eight rabbits died of wide-spread tuberculosis. The findings in these 
animals were, in many respects, similar to the findings in the rabbit 
described in the preceding protocol. An analysis of the necropsy findings 
in these animals disclosed the following points: All showed macroscopical 
or microscopical pleuritic changes. One animal had extensive plastic 
pleuritis on the left side; 4 had a few slender adhesions on the right side. 
One of the latter group (rabbit No. 369) had a pleural effusion on each 
side and, in addition, a pericardial effusion. Sections of visceral pleura 
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and of pericardium indicated that these effusions were tuberculous. 
There were small quantities (2 cc.) of clear serous fluid in the pleural 
spaces of one other rabbit (No. 366). One rabbit (No. 373) died with 
a left spontaneous pneumothorax. Firm pale yellow nodules of macro- 
scopical or microscopical proportions were found attached to the pleurae 
or free in the pleural spaces in a number of instances. The lungs of all 
of the rabbits, except the one (No. 369) which had pleural and pericardial 
effusions, contained many areas of consolidation of varied size and shape. 
These areas of consolidation consisted of isolated and conglomerate caseo- 
fibrous lesions, surrounded by variable numbers of leucocytes, and vast 
collections of pale mononuclear leucocytes. The left lung of 6 of the 8 
rabbits contained cavities. There were cavities in the right lung of 4 
of these animals and of one other animal. Minute areas of cellular in- 
filtration, necrosis and ulceration contiguous with intrapulmonary case- 
ous foci, were found in the walls of the bronchi of some of the rabbits. 
There were such bronchial lesions in the cavity-less left lung of 2 rabbits 
(Nos. 367 and 369). The lungs of the rabbit which had pleural and peri- 
cardial effusions contained a few small fibrocaseous lesions and many small 
collections of pale mononuclear leucocytes partially or completely sur- 
rounded by lymphocytes. The paratracheal lymph nodes of most of the 
rabbits were large. They contained dilated sinuses filled with pale mono- 
nuclear leucocytes and debris. The kidneys of all contained tubercles. 
There were tuberculous lesions in the caecum or the appendix of 5 ani- 
mals. Collections of large pale mononuclear leucocytes were found in 
the spleen in three instances. There was a tubercle in the wall of the 
uterus of one animal. 

Comparison of the roentgenological findings in rabbits injected with 
0.5 mg. of bacilli and killed at successive stages, and in rabbits injected 
with 0.1 mg. of similar microdérganisms and killed at comparable periods, 
disclosed an interesting difference which the chest roentgenograms failed 
to reveal, namely, roentgenograms of the excised inflated lungs of the 
former group, taken after the abnormal shadows in the chest roentgeno- 
grams had disappeared, invariably disclosed more shadows than corre- 
sponding roentgenograms of the latter group. 

Necropsy examination of rabbits killed at successive stages revealed 
areas of consolidation in a state of red hepatization in the left lung on the 
first day following the intratracheal injection. Areas of consolidation 
in a state of gray hepatization were present in the left lung of an animal 
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killed on the ninth day. The lungs of rabbits killed on the fifteenth day 
and at the end of the first month contained areas of tuberculous pneu- 
monia studded with caseous foci measuring up to 2 mm. in diameter. 
There was a cavity (3 mm. in diameter) in the left lung of the animal 
killed at the latter date. The lungs of 2 rabbits killed between the fourth 
and the fifth months, when the chest roentgenograms failed to reveal 
abnormal shadows, contained scattered tubercles and isolated fibro- 
caseousfoci. The left lung of one of these animals contained, in addition, 
a small cavity. There were no tuberculous lesions in the intestinal tract, 
liver, spleen, kidneys and generative organs of any of these rabbits. 

In summary, the foregoing data indicate that reinfection experimental 
pulmonary tuberculosis induced by 0.5 mg. of bovine bacilli, though 
similar in many ways to reinfection disease induced by 0.1 mg. of com- 
parable microérganisms, differs from the latter in the following respects: 
The areas of tuberculous pneumonia found in the lungs of rabbits killed 
at early stages contain larger caseous foci. Cavities develop in the left 
lung more frequently. The disease almost invariably becomes progres- 
sive. Most rabbits in which the course of the disease is not interrupted 
die of wide-spread tuberculosis. 


Rabbits Injected with 1.0 mg. of Bacilli 


Eleven vaccinated rabbits were injected intratracheally with 1.0 mg. 
of bovine tubercle bacilli. Two of these animals died of extensive tu- 
berculosis approximately ten months after the intratracheal injection. 
Nine were killed at selected periods. 

Serial chest roentgenograms of these rabbits presented a picture 
strikingly different from that of vaccinated rabbits injected with smaller 
quantities of bacilli (table 3). The abnormal shadows in roentgenograms 
taken on the first day and at the end of the first month following the 
intratracheal injection were invariably larger than the shadows in corre- 
sponding films of either of the preceding groups of animals. The shadows 
in succeeding roentgenograms, with a few exceptions, receded less than 
the original shadows in films of either of the former groups. They fre- 
quently failed todisappear. Signs of pulmonary cavitation were noted in 
afewinstances. Roentgenograms taken after the eighth month regularly 
revealed new shadows in one or both lung fields. The new shadows in the 
films of the 2 rabbits in which the course of the disease was not inter- 
rupted increased in size and number more rapidly than the shadows in 
corresponding films of animals injected with smaller quantities of ‘micro- 
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organisms. These 2 rabbits died of extensive tuberculosis less than two 
months after new shadows began to appear. 

The roentgenological findings in the 2 rabbits which died of wide- 
spread tuberculosis typify the extremes of the roentgenological picture 
of the group. The original abnormal shadows in the chest films of one 
rabbit receded and disappeared in the fifth month. New abnormal shad- 
ows suddenly reappeared in both lung fields in the:tenth month. This 
animal died five weeks later. The original abnormal shadows in the 
chest roentgenograms of the other rabbit receded, but failed to disappear. 


TABLE 3 
Reinfection—1.0 mg. Bl 


APPROXI- 
MATE DATE 
OF FIRST 
ABNORMAL 
SHADOWS 


APPROXIMATE 
DATE OF 
LARGEST 

ABNORMAL 
SHADOWS 


APPROXIMATE 
DATE OF 
DISAPPEAR- 
ANCE OF 
SHADOWS 


APPROXIMATE 
DATE OF 
REAPPEAR- 
ANCE OF 
SHADOWS 


CASE 


NUMBERS DURATION OF EXPERIMENT 


NUMBER OF 
RABBITS 


| 


386-389 


386 
387 
388* 
389 
414-415 
414 
415 


1st day 
1st day 
ist day 
ist day 


1st day 
1st day 


ist month 
ist month 
2nd month 
ist month 


ist month 
4th month 


5th month 


6th month 


10th month 
8th month 
9th month 


5th month 


11 months 
10 months 
10 months 

7 months 


5 months 
4 months 


Died 
Died 
Killed 
Killed 


Killed 
Killed 


440-442 
440 
441 
442 

467-468 
467 
468 


Killed 
Killed 
Killed 


15 days 
1 month 
1 day 


ist day 
1st day 
ist day 


Killed 
Killed 


1 month 
4 months 


2nd month 


1st day 
1st day 


* Rabbit No. 388 had a large tuberculous abscess in the subcutaneous tissues of the neck. 


Signs indicative of a pulmonary cavity were detected in the left lung 


field of several films taken in the third and the fourth months. New 
abnormal shadows began to appear in the left lung field late in the eighth 
month. The rabbit died nine weeks after the new shadows were dis- 
covered. 

The pathological findings in the 2 foregoing rabbits were as follows: 
Both had generalized tuberculous pleuritis and isolated fibrocaseous pleu- 
ral nodules. The lungs of both contained numerous areas of gray and 
yellow consolidation of varied size and shape. Microscopical examina- 
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tion showed that many of these areas of consolidation consisted of vast 
collections of pale mononuclear leucocytes studded with minute caseous 
foci and infiltrated with lymphocytes and fibrous tissue, and that some 
consisted of fibrocaseous foci surrounded by mononuclear and polymor- 
phonuclear leucocytes. There were giant cells in some of the fibrocase- 
ous foci. The left lung of one rabbit, the animal in the films of which 
signs of cavitation were noted, contained a cavity with a caseous wall. 
Microscopical examination disclosed tubercles in the wall of the main 
bronchus of the left lower lobe of one rabbit and in the walls of a number 
of bronchi in both lungs of the other rabbit. An intimal tubercle was 
found in a small blood vessel in the left lower lobe of each of the rabbits. 
The paratracheal lymph nodes of both animals were large, soft and gray. 
Microscopical examination revealed clumps of mononuclear leucocytes 
in the germinal centres and variable numbers of leucocytes and some 
debris in the sinuses of the lymph nodes. The kidneys of both rabbits 
contained many tubercles. The right epididymis of one animal contained 
a solitary tubercle. 

Necropsy examination of the rabbits killed at successive stages dis- 
closed the following points: The left lung of the animal killed on the 
first day contained large poorly defined areas of consolidation in a state 
of red hepatization. Microscopical examination showed that the alveoli 
in the centre of each area of consolidation were filled with polymorpho- 
nuclear and mononuclear leucocytes, erythrocytes and traces of serum 
and that the alveoli a short distance away from the centre contained 
variable numbers of cells. The interalveolar septa were thick. The 
capillaries did not appear to be dilated. The left lung of the animal 
killed on the fifteenth day contained multiple areas of gray consolidation 
consisting of vast collections of pale mononuclear and polymorphonu- 
clear leucocytes studded with minute necrotic and caseous foci. The 
left lung of the rabbits, 2 in number, killed at the end of the first month, 
contained large areas of tuberculous pneumonia. There were many 
macroscopical caseous foci and several small cavities in the left lung of 
both these animals. (The right lung of one animal contained a few small 
areas of gray consolidation.) The lungs of rabbits, killed when the orig- 
inal abnormal shadows were receding or shortly after new abnormal 
shadows began to appear, contained scattered areas of gray and yellow 
consolidation. These areas of consolidation consisted of fibrocaseous foci 
surrounded by leucocytes, and large collections of pale mononuclear leu- 
cocytes studded with caseous foci or infiltrated with lymphocytes and 
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fibroblasts. The left lung of 4 of the 5 animals killed between the second 
and the tenth months contained cavities. A small tuberculous lesion was 
present in the wall of one of the bronchi of the left lung of the animal 
which did not have a pulmonary cavity. Tubercles or areas of tuber- 
culous ulceration were found in the walls of the bronchi of 2 other rab- 
bits. An intimal tubercle was noted in a blood vessel in the left lung 
of one animal. The kidneys of one rabbit contained a few tuberculous 
lesions. There were tubercles in the intestinal tract of 3 animals. 

In retrospect, comparison of the findings in the foregoing rabbits and 
those in rabbits in the preceding groups demonstrates that reinfection 
tuberculosis induced by 1.0 mg. of bovine tubercle bacilli differs from 
reinfection disease induced by smaller doses of similar microérganisms 
in the following respects: The early lesions are not only larger, but they 
contain larger caseous foci. Cavities form in the left lung in most in- 
stances. The lesions in the lungs of some of the animals undergo a 
limited degree of resolution and then become progressive. The lesions 
in the lungs of other animals are essentially progressive from the begin- 
ning. Death from extensive pulmonary tuberculosis within a few months 
is the rule. 


SUMMARY AND DISCUSSION 


Comparison of the roentgenological findings in rabbits with reinfection 
tuberculosis, as described herein, and in rabbits with primary tubercu- 
losis, as described in Part I, disclosed the following striking differences: 
Abnormal shadows were regularly detected in the chest roentgenograms 
of the animals with reinfection disease on the first day following the in- 
tratracheal injection. Abnormal shadows did not appear in the chest 
films of the animals with primary tuberculosis until sometime between 
the tenth and twenty-eighth days. Signs of pulmonary cavities were 
detected in the chest roentgenograms of several vaccinated rabbits in- 
jected intratracheally with 0.5 and 1.0 mg. of bacilli. Similar evidence 
of cavitation was noted in the films of only 2 of the healthy rabbits 
injected intratracheally with 1.0 mg. of microdrganisms. The first ab- 
normal shadows in the chest roentgenograms of most of the rabbits with 
reinfection and primary disease disappeared. New abnormal shadows 
subsequently appeared in the chest films of all, except a few of the vac- 
cinated rabbits injected intratracheally with 0.1 mg. of bacilli. The 
rabbits with reinfection and primary tuberculosis which presented roent- 
genological evidence of extension of the disease, without exception, died 
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of wide-spread tuberculosis a few months after the reappearance of ab- 
normal shadows. The rabbits with reinfection tuberculosis induced by a 
small dose of bacilli which failed to present roentgenological evidence of 
extension of the disease, on the other hand, remained apparently well 
for periods of one and one-half to two and one-quarter years. 

The pathological findings in rabbits with reinfection tuberculosis dif- 
fered from those in rabbits with primary tuberculosis in the following 
respects: The early lesions in the lungs of the rabbits with reinfection 
disease developed more rapidly. Areas of tuberculous pneumonia in a 
state of red hepatization appeared on the first day following the intra- 
tracheal injection. These areas of red consolidation became, within a 
day or two, areas of gray consolidation. The lungs of animals killed 
between the seventh and fourteenth days invariably contained large areas 
of tuberculous pneumonia studded with necrotic and caseous foci. The 
first macroscopical lesions in the lungs of the rabbits with primary disease, 
on the other hand, usually appeared sometime between the tenth and 
twenty-eighth days. These lesions which consisted, as a rule, of isolated 
and conglomerate tubercles gradually developed into large areas of tu- 
berculous pneumonia. The lesions in the lungs of the animals killed in 
the latter part of the first month or the early part of the second month 
were, with the following exceptions, similar in the two groups. The 
caseous foci in the lungs of healthy rabbits injected with 1.0 mg. of bacilli 
and vaccinated rabbits injected with 0.5 and 1.0 mg. of microérganisms 
were larger than those in the lungs of any of the other rabbits. The 
lungs of a few of the former and many of the latter contained cavities. 
The lesions in the lungs of most of the rabbits in both groups resolved 
in a remarkable manner during the second and third months. The lungs 
of rabbits killed between the fourth and the eighth months contained, 
as a rule, scattered tubercles and isolated fibrocaseous lesions. There 
were, in addition, minute tuberculous ulcers in the walls of the bronchi 
of a goodly number of these rabbits. The lungs of some of the animals, 
especially the vaccinated ones injected with 0.5 and 1.0 mg. of bacilli, 
contained cavities. New lesions developed, after latent periods of vari- 
able length, in the lungs of most of the rabbits. These animals, without 
exception, died of wide-spread tuberculosis within a few months. New 
lesions failed to develop in the lungs of a few vaccinated rabbits injected 
with 0.1 mg. of bacilli. These animals remained apparently well for 
long periods and showed at necropsy examination only minute areas of 
fibrosis and a few tubercles. 
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Correlation of the roentgenological and pathological findings demon- 
strated that changes in the size and the number of abnormal shadows 
are, with a few exceptions, better guides to the state of the underlying 
lesions than the nature of the shadows. It also showed that chest roent- 
genograms, and even stereoscopic roentgenograms of excised inflated 
lungs, frequently fail to disclose minute intrapulmonary lesions. 

The evidence presented herein indicates that the striking transforma- 
tion of essentially retrogressive tuberculosis into rapidly progressive tu- 
berculosis, which occurs in most vaccinated rabbits, is due to factors 
similar to those which play a part in the development of new lesions in 
rabbits with primary tuberculosis. In both instances tubercle bacilli 
apparently escape from minute tuberculous lesions in the walls of bronchi 
or from pulmonary cavities and are carried, by way of the air passages, 
to other parts of the lungs. 

The fact that every one of the healthy rabbits injected with bovine 
bacilli and all of the vaccinated rabbits, except a few injected with 0.1 
mg. of bacilli, died of wide-spread tuberculosis, appears to warrant the 
conclusion that a cold abscess produced by a single subcutaneous in- 
jection of avirulent bacilli confers upon rabbits a degree of immunity 
sufficient, in certain cases, to prevent the animals from dying of tuber- 
culosis following the intratracheal injection of a relatively small dose 
(that is, 0.1 mg.) of bovine tubercle bacilli. 

Finally, we should like to point out that retrogressive and progressive 
pulmonary lesions, comparable in every way to pulmonary tuberculosis 
in man, have been produced in rabbits by the intratracheal injection of 
human tubercle bacilli (H37) and bovine tubercle bacilli (B1) respectively. 
Serial roentgenograms proved helpful, in our experience, in revealing 
changes in the size and location of the pulmonary lesions. They failed, 
however, to disclose the nature of the underlying pathological changes. 
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HUGH E. BURKE 


PLATE 1 
Rabbit 340 


A. Posteroanterior film at one day. Large 


faint homogeneous shadow left lung 
field. 

Posteroanterior film at two years, 
twenty-four weeks and four days. No 
abnormal shadows. 

. Photograph of section of lungs. Minute 
area of gray consolidation and few large 
lymph follicles in left lung. 


B. Posteroanterior film at fifteen weeks and 


two days. No abnormal shadows. 


. Film of excised lungs. No abnormal 


shadows. 


*. Photomicrograph of portion of left lower 


lobe. Thick interalveolar septa studded 
with large pale mononuclear leucocytes. 


.Scattered intradilveolar collections of 


mononuclear leucocytes. 150 
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PLATE 2 
Rabbit 345 


. Posteroanterior film at one day. Large 
faint homogeneous shadow left lung 
field, like that of rabbit 340. 
Posteroanterior film at one year, five 
weeks and one day. Extensive shadow, 
left lung field; small shadow lateral por- 
tion right lung field. 

. Film of excised lungs. Abnormal 
shadows throughout both lung fields. 


B. Posteroanterior film at fifteen weeks 


and two days. No definite abnormal 
shadows. 


. Posteroanterior film at one year, eighteen 


weeks and five days. Wide-spread 
shadows both lung fields. 


’, Photograph of section of lungs. Many 


small and numerous large areas of caseo- 
fibrous tuberculosis. Some collections 


of pale mononuclear leucocytes. A 
single small cavity in the apical portion 
of the left lower lobe. 


526 

A 
E 


w 

< 


PLATE 


af 3 
/ | 
\ 
4 
527 


A. Posteroanterior film at one day. 


HUGH E. BURKE 


PLATE 3 


Rabbits 463 & 431 


Faint 
poorly 


but extensive shadows, with 
defined margins, left lung field. 
Film of excised lungs. Large homo- 
geneous shadows of irregular shape and 
varied density left lung field. 

. Photograph of section of lungs. Scat- 
tered areas of poorly defined red consoli- 
dation in left lung. 


B. 


D. 


*, Photograph of section of lungs. 


Posteroanterior film at four weeks and 
four days. Large shadows of varied 
density lower half left lung field. 

Film of excised lungs. Large irregularly 
shaped shadows, left lung field; few 
minute shadows, right lung field. 

Large 
areas of gray consolidation in left lower 
lobe. Most of these lesions had sharply 
defined A few contained 
caseous foci. 


margins. 
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PLATE 4 
Rabbit 433 


A. Posteroanterior film at one day. Large B. Posteroanterior film at four weeks and 
shadow with indefinite margins left lung four days. Abnormal shadow left lung 
field. field similar to shadow in film taken at 

one day. 
Posteroanterior film at thirteen weeks ~ D. Film of excised lungs. Few small 
and three days. No abnormal shadows. shadows medial portion left lung field 
and ovoid densities proximate to outline 
of trachea 
». Photograph of section of lungs. Minute *. Photomicrograph of a minute fibro- 


area of gray consolidation apical portion .caseous tubercle situated near a 
of left lower lobe and few large lymph bronchus in the apical portion of the 
follicles left lung. left lower lobe. X80 
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PLATE 5 
Rabbit 423 


A. Posteroanterior film at one day. Faint B. Posteroanterior film at ten weeks and 


homogeneous shadow with indefinite 
margins left lung field. 

Posteroanterior film at fifteen weeks and 
six days. Several small faint 
geneous shadows with indefinite outlines 
lower half left lung field. 
Film of excised lungs. 
gularly shaped shadows, some with well 
defined and others with poorly defined 


homo- 


Numerous irre- 


margins, left lung field; few small shad- 


ows, right lung field. 


dD. 


three days. No abnormal shadows. 

film at sixteen weeks 
and three days. Abnormal shadows in 
lower half left lung field now somewhat 


Posteroanterior 


larger and denser. 

Photograph of section of lungs. Left 
lung, numerous circular areas of gray 
consolidation with minute yellow foci 


. and one minute area of red consolida- 


tion; right lung, a single small area of red 
consolidation. 
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HUGH E. BURKE 


PLATE 6 
Rabbit 373 


. Posteroanterior film at one day. Large 
homogeneous shadow left lung field. 
Posteroanterior film at eighteen weeks 
and one day. No abnormal shadows. 


Posteroanterior film at forty-two weeks 
and two days. densities, 
right lung field; shadows and signs of 


Extensive 


pneumothorax left lung field. 


B. 


Posteroanterior film at twenty-six days. 
Large dense shadow left lung field. 
Posteroanterior film at thirty-one weeks 
and five days. Small shadow with in- 
definite margins lateral portion right 
lung field. 

Photograph of section of lungs. 
large and small lesions. 
Areas of gray consolidation consisting of 
vast collections of mononuclear leuco- 
cytes. Small cavities in both lungs. 


Many 
fibrocaseous 
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CLINICAL AND LABORATORY NOTES 


CAVITY CLOSURE! 


A Case with Closure of a Giant Cavity following Contralateral Pneumothorax 
J. IVAN HERSHEY Anp JOSEPH BALLINGER 


There are marked differences of opinion concerning the mechanism of closure 
of tuberculous cavities and many theories have been advanced in an effort to 
find a solution to this problem. It is possible that no one factor is responsible 
in all cases and that the “‘concentric and radiating fibres” of Pinner, the ‘“bron- 
chial occlusion” of Coryllos, or the “elasticity of retraction and contraction” 
advanced by others, may, at one time or another, be an explanation for cavity 
closure. 

However, the principle of bronchial occlusion as a mechanism of closure was 
of particular interest to us in our observations on the following case in which a 
giant cavity closed following contralateral artificial pneumothorax. In addi- 
tion to presenting a remarkable development incident to therapy, we believe 
that the clinical and roentgenographic findings in this case serve to illustrate 
the fate of one type of cavity following bronchial obstruction. 


The patient, a young white woman, aged twenty-five, was admitted to the 
Eagleville Sanatorium on August 12, 1936, with a far advanced cavernous 
lesion of the left upper lobe. She was quite toxic, had fever, cough and copious 
expectoration of highly positive sputum. She had been employed as a book- 
keeper in a general hospital and was in apparent good health until about two 
weeks before the diagnosis of her disease. The family history was irrelevant 
and her past medical history negative except for what was described as the 
“flu” in 1918. On admission to the sanatorium there were clinical signs of a 
far advanced cavernous lesion on the left, but no evidence of activity on the 
right. The roentgenogram showed an extensive, well drained cavernous 
lesion on the left, overlain by dense thick pleura, which exerted traction on the 
upper mediastinal structures. On the right there was a minimal fibroid lesion. 

The patient was placed on strict bed-rest regimen, and repeated attempts 
were made to establish left artificial pneumothorax, but all were unsuccessful. 


! From the Eagleville Sanatorium, Eagleville, Pennsylvania. 
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One month after admission (September, 1936) a minimal spread to the left 
ower lobe set in but this soon became stabilized, and in October, 1936 another 
bronchopneumonic spread was noted, this time to the right upper lobe. The 
patient continued to be moderately toxic and the disease was apparently 
rapidly progressive. In view of these facts, all thought of formidable surgi- 
cal procedures to close the large cavity was put aside for the time being, 
with the hope of eventually stabilizing the disease processes to allow for left 
thoracoplasty. 

In an effort to enhance rest and healing of the lung and also to palliate the 
increasing cough and expectoration (10 cc. on admission to 50 cc. at that time) 
the left phrenic nerve was crushed on November 18, 1936. The left leaf of 
the diaphragm was elevated approximately 4 cm. and paralyzed for over four 
months. On this conservative regimen of supportive treatment, the patient, 
over a period of ten months, showed steady clinical improvement with the 
temperature coming down to normal, gain in weight and strength, and amelio- 
ration of symptoms, but evidences of bilateral pulmonary activity persisted. 
In fact, in September, 1937, the left upper lobe cavity had greatly increased in 
size, and a small cavity (1 cm.) was noted in the lower posterior portion of the 
right upper lobe. Serial roentgenograms failed to reveal any retrogressive 
changes in the right upper lobe lesion (figure 1) and so in January, 1938 right 
artificial pneumothorax was instituted. A good selective collapse was secured 
and within one month the right upper lobe vomica was no longer visible. 

A little later (February) the thought occurred to us of trying to force actively 
a contralateral shift in the upper mediastinal structures in the hope of kinking 
the bronchus draining the giant cavity and perhaps effect closure. With this 
in mind, refills were given every three or four days in amounts ranging from 
300 cc. to 500 cc. each time. Fluoroscopy was used for visualization of changes. 
On March 31, five weeks later, a definite fluid-level was noted for the first 
time in the cavity and this evidence of poor drainage proved very encouraging. 
Gradually, the amount of gas given at each refill was increased to 600 cc. at 
weekly intervals. On April 3, the cavity was reported as dry and well-drained. 
These findings were paralleled by changes in the volume of the twenty-four- 
hour sputum, varying from 15 cc. when the fluid-level was evident to from 
50 to 90 cc. when the cavity was well-drained. On April 21, inadequate drain- 
age and fluid-level were again noted, but the bronchus was again patent on 
May 19. On May 3, when the vomica was about half-filled with fluid (figure 
2) the patient submitted for the first time a negative sputum (smear and con- 
centration). With the open bronchus positive sputum returned. Finally, 
beginning on June 2, steady filling of the cavity began, and by July 28 it had 
become so full as to make its outline invisible. Correspondingly, the sputum 
turned negative to remain so, and its volume decreased to a persistent level of 
from 3 cc. to 10 cc. daily. Since July, 1938, no cavity has been visible on the 
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J. IVAN HERSHEY AND JOSEPH BALLINGER 


Fic. 1. January 13, 1938. Cavity has attained huge proportions. A cavity has devel- 
oped in contralateral lung following caseous-pneumonic infiltration. 

Fic. 2. May 5, 1938. Fluid-level and poor drainage of giant cavity on left. Right artifi- 
cial pneumothorax has been instituted with good selective collapse and obliteration of small 
cavity. Retraction of trachea and displacement of mediastinal structures. Sputum negative 


and much reduced in volume. 
Fic. 3. November 7, 1939. Eighteen months later. Cavity completely obliterated. 


Dense pleural reflections. Patient symptom-free and daily employed as a bookkeeper. 
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left, in the roentgenogram, and the patient has submitted over 30 consecutive 
negative sputa. 

The patient was discharged from the sanatorium on November 17, 1938, 
in excellent general condition and on three hours’ exercise. Her treatment was 
continued at home, and after six months she was permitted to resume gradually 
her former duties as a bookkeeper. Up to the present writing (January, 
1940) she has been symptom-free and is still receiving weekly refills of from 
400 cc. to 500 cc. of air. What little sputum she has is consistently free from 
bacilli, and X-ray findings are compatible with a retrogressive lesion (figure 3). 
The present plan calls for continuation of relatively large refills for as long as 
possible, or at least five years, to insure adequate fibrosis and organization, and 
anaerobic destruction of viable organisms. 


COMMENT 


This case is unusual in that a giant cavity closed without any direct surgical 
treatment. Although we have seen small cavities heal by encystment, we have 
never seen, at Eagleville, a lesion of this proportion close spontaneously. The 
relationship to the contralateral lesion causes us to speculate with regard to 
possible explanations for this patient’s apparent recovery. 

Two factors must be considered, namely, immunological and mechanical. 
It may be that the series of small bronchogenic disseminations which had 
occurred during the first year of hospitalization had gradually built up an 
immunological response in the patient so that she was able to overcome the 
virulence and the destructive activities of the tubercle bacillus. This is the 
basis of the old tuberculin therapy. One might expect such reaction to occur, 
at times, in an exudative or small cavernous lesion, nor can we deny that re- 
sistance played a supportive réle in this case. However, in a cavity the size 
of this patient’s, it is most probable that, primarily, a mechanical factor is 
responsible for recovery, and that is the kinking of the draining bronchus by a 
shift in the mediastinal structures due to the contralateral pneumothorax. 
This is in accord with Coryllos’s theory in which he postulated bronchial 
occlusion as the only possible mechanism of cavity closure. The material 
which filled the cavity could then become sterile in the presence of an anaerobic 
medium, and organization and healing take place. 
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TUBERCULOUS BRONCHIAL POLYP' 


OSCAR FEINSILVER? 


This case is reported because it demonstrates an interesting lesion which, 
although to my knowledge it has not been described before, may prove, with 
the increasing use of the bronchoscope, a not too uncommon phenomenon. 


A twenty-seven year old single woman was admitted to the Faulkner Hospital 
in Boston on September 14, 1936, ten months after the onset of a slight cough 
with gradually increasing expectoration of light colored thin sputum. The 
outstanding findings were the almost complete absence of physical signs. 
An X-ray film showed a cloudy density over the right base, which on lateral 
view was found to lie anteriorly and was therefore consistent with middle lobe 
disease (figure 1). A small calcified nodule was seen between the fourth and 
fifth ribs anteriorly. Examination of sputum was negative for tubercle bacilli. 
On September 21, 1936 a bronchoscopy was performed by Dr. Philip Meltzer 
at the Massachusetts General Hospital. Excerpt of the operative note reads 
as follows: 

“The opening of the right lower lobe could be seen but not the right middle 
lobe. In front of the right middle lobe was a smooth mass which looked to be 
abnormal. The scope was removed for one-half inch or so. This permitted 
the mass to be seen very definitely as a smooth free-hanging polyp which moved 
to and fro with inspiration and expiration.” 

Sections of this polyp were kindly furnished by Dr. J. B. Hazard of the 
Faulkner Hospital. Photomicrographs of these are shown in figure 2. ‘‘A” 
shows a portion of the periphery with a good deal of vascular tissue and young 
fibroblasts. _ “‘B”’ shows a section from the midportion containing a good deal 
of older fibrous tissue with several tubercles therein. ‘‘C’’ shows an enlarged 
view of a miliary tubercle. 

Following removal of the polyp there was gradual reduction in cough and 
expectoration although progressive loss of weight and strength set in. In 
January, 1937 the patient, raised 15 cc. of blood, and in August, 1937 she again 
raised a small amount of blood. At this time the patient was admitted to 
Rutland State Sanatorium because of the diagnosis of pulmonary tuberculosis 
based on the finding of tubercles in the polyp removed one year earlier. 


1From Rutland State Sanatorium, Rutland, Massachusetts. 
2 390 Main Street, Worcester, Massachusetts. 
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TUBERCULOUS BRONCHIAL POLYP 


Fic. 1 Fic. 2 


Fic. 3 


On admission to the Sanatorium, the patient presented a history of pleurisy 
at the age of ten, side not known. She had moderate clubbing of the fingers, 
and total absence of any signs in the chest. The vital capacity was 2,500 cc. 
Bronchoscopy was performed shortly after admission, and several small 
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nodular growths with broad sessile bases were found extending downward into 
the middle lobe bronchus. These were removed. Their histological examina- 
tion showed evidence of marked chronic inflammation but no tubercles were 
found. Laboratory data showed a slight microcytic anaemia, a white count 
of 8,000 to 18,000; sedimentation rate, 1.0 to 1.8. Urine was essentially 
negative. Sputum was found positive on culture and guinea pig inoculation. 
Following administration of pneumothorax, all sputum examinations were 
negative. 

The diagnosis of this case on admission was obscure because of the history 
of bronchial polyp, finding of clubbed fingers on admission and atypical X-ray 
findings (figure 3). Because of the ultimate finding of positive sputum, 
it was considered that she had pulmonary tuberculosis, and pneumothorax 
was induced on the right. The lung under collapse is shown in figure 4. 
Pneumothorax is seen to affect chiefly the lower and middle lobes, while the 
upper lobe is broadly adherent to the chest wall. 

It is interesting to speculate concerning the course of events in this case. 
The presence of clubbed fingers points to a chronic pulmonary lesion, and this 
finding is not common in uncomplicated pulmonary tuberculosis. It is there- 
fore likely that a benign polyp in the right middle lobe bronchus occluded the 
lumen to such a degree that drainage therefrom was interfered with. This 
led to a pyogenic infection involving the whole middle lobe. This area was 
the site of an old tuberculous lesion, as shown by the presence of the calcified 
nodule in the fourth interspace. The pyogenic infection may have brought 
about destruction of pulmonary tissue and liberated tubercle bacilli from old 
scars present in this lobe. These drained into the bronchus and infected the 
polyp. It is felt that the polyp was not primarily a tuberculous lesion because 
the tubercles found therein appear to be younger than the polyp itself, both 
according to the clinical history and the appearance of the fibrous tissue in 
which the tubercles are embedded. 


The author is indebted to Dr. Reuben Schulz of Boston for his aid in the pathological study 
of the specimens in this case, to Mr. Daniel Robinson for his technical aid in the production 
of the photographs here presented and to Dr. Philip Meltzer of Boston for permission to quote 
from his operative note. 


DEMONSTRATION OF TUBERCLE BACILLI? 


A Method for Sedimenting Tubercle Bacilli from Urine, Spinal Fluid and other 
Body Fluids, for Culture Smear and Animal Inoculation 


WILLIAM STEENKEN, Jr. 


Up to the present time, the addition of tannic acid as a precipitating agent 
has been the accepted method for sedimenting tubercle bacilli from large 
volumes of urine, and as an aid in settling tubercle bacilli from spinal fluid for 
smear, culture and animal inoculation. This method was objectionable be- 
cause the tannates formed are at times inhibitory to the growth of tubercle 
bacilli. Also the deep brown color formed by the addition of sodium hydroxide 
in the presence of tannic acid interferes with the color change of the indicators 
used for adjusting the pH, and the properly adjusted pH of the inoculum is one 
of the most important steps in the culture technique. 

An alcohol precipitated protein from pleural fluid, or white of egg, as a 
sedimenting agent is recommended in place of tannic acid. 

Preparation of protein: All glassware used in the preparation of the protein 
must stand in cleaning solution (mixture of sulphuric acid and potassium di- 
chromate) over night. 

Clear colored pleural fluid, filtered through paper and centrifuged at high 
speed for a half hour, was diluted with an equal volume of distilled water and 
passed through an “‘N” Berkfeld filter. This filtrate was sterilized at 60°C. 
for one hour and the protein was precipitated by the addition of three volumes 
of 95 per cent alcohol for every volume of pleural fluid. The resulting mixture 
of precipitated protein and alcohol was allowed to stand in the icebox over 
night, at the end of which time the alcohol was decanted and the remaining 
protein washed three times with equal volumes of 95 per cent alcohol. Finally 
it was centrifuged and the resulting sediment was suspended in 50 per cent 
alcohol, then it was diluted so that each cc. contained 50 mg. dry weight of the 
protein. It was then sterilized at 50°C. for one hour and stored in the icebox 
until ready for use. 

The protein may also be prepared from the white of egg using the same 
procedure, only it is recommended that the eggs be fresh and that the whites 
be dissolved in an equal volume of water before precipitating with the alcohol. 

Treatment of specimen: A twenty-four hour specimen of urine is collected 
in the usual manner, and for every 100 cc. of urine, 1 cc. of the protein suspen- 


1 From the Research and Clinical Laboratory, Trudeau Sanatorium, Trudeau, New York. 
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sion is added. The resulting mixture of protein and urine is allowed to stand 
in the icebox for twenty-four hours. At the end of this time most of the pro- 
tein will have sedimented to the bottom of the bottle carrying the tubercle 
bacilli with it. The supernatant urine is then syphoned off and the sediment 
is centrifuged at high speed for ten minutes to free it of the residual urine. 
The sediment is taken up with an equal volume of 4 per cent sodium hydroxide 
and placed in the incubator for half an hour. The digested material is then 
centrifuged at high speed and the supernatant fluid decanted. The sediment 
is neutralized to pH 7.0 with N/10 hydrochloric acid containing phenol red, 
when it is ready for smear culture or animal inoculation. 

Tubercle bacilli may be recovered from spinal fluid by the addition of 0.1 
cc. of protein for every 10 cc. of spinal fluid. The mixture is then centri- 
fuged at high speed. The sediment is now ready for smear culture or animal 
inoculation. 

Fluids of higher specific gravity that are miscible with water may be sedi- 
mented if diluted with sterile distilled water. Other alcohol precipitated 
proteins may also act as sedimenting agents. 

The criticism may arise that the pleural fluids used to prepare the protein 
may have been contaminated with a few tubercle bacilli, but such organisms 
would be dead. The necessary check of all positive urine or spinal fluid smears 
by culture or guinea pig inoculation would remove this objection. 

The same criticism may apply to eggs. It has been reported that avian 
tubercle bacilli have been isolated from eggs. The avian tubercle bacilli 
would also be ruled out by culture and animal inoculation. It must always 
be kept in mind that reports do exist of renal tuberculosis due to avian tubercle 
bacilli. However such cases are so rare that the method is still practicable. 
If avian organisms should be isolated they could easily be ruled out by differ- 
ential methods. 


CONCLUSION 


i. An alcohol precipitated protein from pleural fluid and white of egg has 
been recommended for sedimenting tubercle bacilli from urine and spinal 
fluid, in place of tannic acid. 

2. The sedimented protein is soluble in 4.0 per cent sodium hydroxide with 
resulting straw color, which does not interfere with color change of the in- 
dicator used for adjusting the pH. 

3. The protein is not inhibitory to the growth of the tubercle bacillus as 
the tannates are. 


EDITORIAL 
The Education of the Patient 


The education of the tuberculous patient logically consists of two parts: 

(1) The first is dependent upon the valuable knowledge so widely dis- 
seminated through voluntary and public health agencies. Chief among 
these is the National Tuberculosis Association with its affiliated state 
and local organizations. Only those who have witnessed the develop- 
ment of this educational program can fully appreciate its value. The 
general want of knowledge and the corresponding confusion observed 
thirty-five years ago stand in striking contrast to the present enlightened 
attitude. This invaluable educational program deserves detailed con- 
sideration, but the purpose of this discussion is served by calling attention 
to its direct effect upon the patient, and its indirect influence through 
a better informed, codperative public, thus preparing the way for the 
task of individual instruction. 

(2) The second part of the patient’s education is of great importance 
because of its therapeutic value. The practice of medicine is intensely 
personal, and in the successful management of tuberculosis, the personal 
element reaches a high mark. Though patients manifest wide variations 
in personality and intelligence, when properly approached, usually they 
respond with open minds, eager for knowledge and ready to codperate. 

The physician charged with the management of a case of tuberculosis 
is largely responsible for the patient’s mental attitude toward his disease 
and the proposed therapeutic program. The patient and the disease 
are inseparable. It is doubtful if any other pathological condition in- 
spires so many psychological conflicts with such obvious ill-effects. 
Every patient suffering from tuberculosis should have individual consid- 
eration. Under the present state of our knowledge and skill, every phy- 
sician has his own therapeutic approach. The patient’s codperation in 
the rules of management and his intelligent acceptance of special thera- 
peutic measures are largely dependent upon his confidence in the attend- 
ing physician and his mental grasp of the principles involved. With 
these facts in view, it is obvious that, as far as possible, the physician 
should become the patient’s intimate instructor. 
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Thus we see the positive need of a close relationship between physician 
and patient. The educational value of this relationship is twofold; it 
gives the physician an opportunity to appraise the patient’s psychology, 
to determine his needs, and to discover the best methods of therapeutic 
approach; the patient learns what the physician has to offer and gauges 
his response accordingly. 

It is well to remember that while the physician is studying the patient, 
he also is undergoing critical scrutiny, and his success may largely depend 
upon the patient’s first impression. The physician must know the he- 
reditary and environmental background and properly appraise the ma- 
terial and spiritual forces which dominate the patient’s psychology, 
before he can hope to plan intelligently a therapeutic program. 

In order to maintain adequate, hopeful codperation on the part of the 
patient, the physician must see that the educational program, though 
partially delegated to others, is kept in line with his own therapeutic 
policies. Patients suffering from tuberculosis may readily become dis- 
couraged because of conflicting opinions with reference to certain prin- 
ciples of management, even though the principles involved may be of 
minor importance. Full confidence in the attending physician is indis- 
pensable and should be carefully guarded. It must be maintained 
through the educational program, through all consultations and all sur- 
gical and other special procedures. This can be counted on only when 
the attending physician conducts the education in such a way that, with 
mutual understanding and full codperation, the therapeutic procedures 
may be brought to the best possible conclusion. 

The physician who seeks to establish such an intimate understanding 
with his tuberculous patients will soon discover “that teaching itself is 
a method of learning,” and that, by making use of what he has learned 
and the confidence he has inspired, his ideas and suggestions may become 
a part of the patient’s thinking, the patient’s thinking may pass into 
action, and action into vitalizing and healing forces. 

After a full professional life, rich in experience, Dr.- Francis Peabody’ 
said, “What we want is less of the system and law that kills and more of 
the spirit that gives life.” 


Lewis J. MooRMAN 


1 Henry Vandyke: The School of Life, D. P. Updike, The Merrymount Press, Boston, 1905. 
2 Francis W. Peabody: The Doctor and Patient, The Macmillan Company, New York, 
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Edited by JESSAMINE S. WHITNEY 


URBAN AND RURAL TUBERCULOSIS MORTALITY 


The Health Organization of the League of Nations has contributed an 
excellent study? of this subject in a recent bulletin. The mortality data from 
many European countries were analyzed as to the differences in the rates for 
the two geographical divisions. 

The following table shows these distinctions for the latest year available: 


TUBERCULOSIS DEATH RATE 
PER 100,000 POPULATION 


Rural areas 


Czechoslovakia 
Denmark 


England and Wales 


Finland 
Greece 
Hungary 


1936 
1936 
1936 
1921-29 
1935 
1937 


136 
43 
53 

204 
91 

138 


Trish Free State 1930 110 
Netherlands 1936 59 
1921-25 203 
1937 179 
1926 83 
1936 94 87 
1936 92 96 


It will be seen that for most countries the urban tuberculosis rate is con- 
siderably higher than the rural. However, the authors conclude from elabo- 
rate data that there have been declines in both areas, but the decline in urban 
districts began earlier and at present is more marked, so that the two rates 
are tending to approach each other. 


WHERE TUBERCULOSIS DEATHS OCCUR 


The Division of Tuberculosis of the New York State Department of Health 
analyzed? 5,476 tuberculosis deaths occurring in up-state New York during 


1 Tuberculosis in Rural Areas, League of Nations Bulletin of the Health Organization, 
Geneva, 1939, Vol. VIII, Nos. 4-5. 

2 Edward X. Mikol: Distribution of Tuberculosis Mortality by Place of Death, New York 
State Journal of Medicine, November 1, 1939, 39, no. 21. 


547 


COUNTRY YEAR 
Towns 


548 STATISTICAL DATA 


1936 and 1937, and found that they were distributed according to place of 
death as follows: 


Place of death Per cent 
Tuberculosis hospitals (and tuberculosis departments of general hospitals). 49.2 


State institutions (including mental and penal institutions) 
General hospitals 


The article points out the danger of infection to the members of the family 
from those cases which die at home, usually under environmental conditions 
from which separation is most essential in the control of tuberculosis. 

Another significant finding is the high per cent (11.2) in State custodial 
institutions. The author cites other writers to show that it is not an unusual 
figure. In a Minnesota survey of about 12,000 State mental hospital inmates 
9.2 per cent had X-ray evidence of parenchymal infiltration and in 1.9 per 
cent tubercle bacilli were demonstrated. In an up-state New York mental 
hospital, of about 2,000 ambulatory patients examined, 3.6 per cent had 
tuberculosis. This study did not include sick patients nor those in the tuber- 
culosis pavilion. An analysis in 1937 in New York State showed that in the 
State schools for defectives tuberculosis accounted for 22 per cent of the 
total deaths. 


TUBERCULOSIS MORTALITY IN “OPEN” CASES OF TUBERCULOSIS 


The table on page 549 is taken from a Swedish report’, being a summary 
of European figures on tuberculosis mortality gathered from various reports 
published in the last decade. 

It is to be noted that all the above figures are for ‘‘open” cases of tuber- 
culosis which the author defines as “cases of tuberculosis in which tubercle 
bacilli were found in the sputum.” The author also qualifies the data given 
in the table in these words: “.. . it should be pointed out that the numerical 
data published on the mortality of pulmonary tuberculosis cannot be used for 
purposes of comparison with a view to establishing differences in prognosis in 
different countries or periods but are only capable of giving a general idea of 
the situation.” 


TREATMENT COSTS IN TUBERCULOSIS INSTITUTIONS AND THEIR DISTRIBUTION 


To Mr. C. W. Kammeier‘, the State tuberculosis secretary for Iowa, we 
are indebted for compiling data regarding the costs of treatment in state and 


* Gunnar Berg: The Prognosis of Open Pulmonary Tuberculosis, Supplement IV, Acta 
tuberculosea Scandinavica, 1939. 

*Treatment Costs at State and County Tuberculosis Sanatoria in the United States, 
mimeographed report of Iowa Tuberculosis Association, Des Moines, Iowa. 
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Mortality after 3, 5 and 10 years in materials of open pulmonary tuberculosis 


COUNTRY, AUTHOR, YEAR OF PUBLICATION 
AND CHARACTER OF MATERIAL 


NUMBER 
oF 
CASES 


PERCENTAGE DEAD OF TOTAL NUMBER AFTER 


3 years 5 years 10 years 


Germany 
Miinchbach (1933) Sanatorium 


material 


Braeuning and Neisen (1936) 
Dispensary material 


England 
Trail and Stockman (1931) 
Sanatorium material 
Bentley (1936) Sanatorium 
material 
Lissant-Cox (1936) Dispensary 
material 


Switzerland 
Firth (1930) 
material 


Sanatorium 


Holland 
Baart de la Faille 
Sanatorium material 


(1939) 


Denmark 
Jacobson (1930) Sanatorium 
material 
MArtensson not published, 
Sanatorium material 
Isager (1934) 


Norway 
Backer (1937) 


Iceland 
Magnfsson (1938) Sanatorium 
material 


1920-27 


1920-21, 
1927 


1906-28 
1927 


1920-25 


1922-35 


1920-37 


1919-26 


1910-20 


1922-32 


1911-20 


1916-23 


36 
66 


77 
(34 years) 


88 
(84 years) 


48 
(6 years) 


49 


62 
(4 years) 


549 
(9 years) 
2,917 76 
1912-19 | 996 56 70 82 
(2 years) 
Griep (1939) Dispensary mate- 
eee 36 = 66 
(896 40 50 
| ME | 1,666 46 57 68 
| | 60 74 
53 65 79 
_ 363 | 73 
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local sanatoria, and how that cost is distributed. All the forty-eight states 
were circularized and the compilation is based on the data from forty-two 
states which replied. The summary is as follows: 


1: Thirty-five of the 42 states have a state sanatorium. 

2: Monthly treatment costs in state sanatoria range from $40 to $100. 
3: In 17 of the 35 states having state sanatoria, the state pays all of the 
treatment costs of patients hospitalized at public expense. 

4: Twenty-nine of the 42 states have county sanatoria. 

5: The monthly treatment costs in county sanatoria range from $40 to $152. 
6: In 8 of the 29 states having county sanatoria, the state shares the cost 
of treatment with the counties. (In addition, Colorado reimburses counties 
for patients treated in approved private sanatoria.) 

7: Twelve states have no county sanatoria. 

8: There are 18 states which have both state and county sanatoria which do 
not use a subsidy plan. 


ROSE LAMPERT GRAFF FOUNDATION PRIZE 


The American Association for Thoracic Surgery announces that the Rose 
Lampert Graff Foundation prize of $250.00 will be awarded in 1941 for 
the best paper dealing with the problem of chest physiology or disease 
submitted to the prize committee before March 1, 1941. The competition 
is open to any physician in good standing in Canada or the United States. 
The papers should be sent to the Secretary, Dr. Richard H. Meade, Jr., 
2116 Pine Street, Philadelphia, without identifying marks but accompanied 
by a sealed envelope enclosing the name and address of the author. The 
paper submitted for the contest, if accepted, becomes the property of the 
Association and will be published in the Journal of Thoracic Surgery. 


TUBERCULIN REACTORS AND EXPOSURE CASES:? 


A Foliow-up Study of Cases Removed from Contact. An Inquiry into 
Endogenous Reinfection 


JOSEPH A. JOHNSTON; PHILIP J. HOWARD,’ F. JANNEY SMITH? anp BRUCE 
DOUGLAS‘ 


With the steady decline in mortality from tuberculosis attributable 
in large measure to the vigorously prosecuted campaign for examination 
of exposure cases, the emphasis on the exogenous route as the probable 
source of most reinfections implicit in this program has tended to carry 
with it a minimizing of the importance of the endogenous route as a 
source of the adult type lesion to the point of even denying the possi- 
bility of its occurrence (Opie (1)). And yet this very decline in the 
incidence of cases deriving from direct exposure makes more important 
than ever an evaluation of the significance of the first infection as its 
own potential source of reinfection. 

The evidence relating to the cultivation of viable organisms from tissue 
years after their presumed implantation has been recently reviewed 
(2) and these data were critically analyzed by Pinner (3) whose objec- 
tions to the interpretation of them seem to us valid. Pinner would 
accept this work as proof that tuberculous lesions in humans can heal 
bacteriologically, but raises three objections to it as an answer to the 
question of endogenous reinfection: (1) Were all the lesions examined 
primary complexes or part of them? He feels that proof was lacking 
that they were. (2) Is the primary complex the only possible source 
of endogenous reinfection? Lymph and blood-stream disseminations 
are common in the active stage of the primary complex and some of the 
bacteria may focalize in the lymphatic drainage beyond the immediate 
lymph node component of the primary complex. (3) It is questionable 
that the answer to this question should be sought for in persons who 


1 Presented at a session of the Medical Section at the 35th annual meeting of the American 
Trudeau Society, Cleveland, Ohio, June 4, 1940. 

2 A study conducted for the Society of St. Vincent de Paul, Detroit, under the joint auspices 
of the Henry Ford Hospital and the Children’s Fund of Michigan. 

3 Henry Ford Hospital, Detroit, Michigan. 

‘Controller of Tuberculosis, Detroit, Michigan. 
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never developed a reinfection. The argument of Opie that because 
direct continuity between the first and the reinfection cannot be demon- 
strated would seem to be answered by the second objection of Pinner. 

The purely clinical approach to the question is difficult because, first, 
to follow a significantly large number of cases over a period of time long 
enough to include the peak incidence of the reinfection type of the disease 
would require an uninterrupted observation of the same individuals for 
at least twenty years, and second, because it would be impossible to 
exclude with certainty the possibility of contact in that interval with 
sources of infection outside of the immediate environment. The present 
study is reported at this time because it is felt that from a practical 
public health standpoint a sufficiently large number (approximately 
1,000) of children have been followed for a significantly long period of 
time (varying periods up to twelve years) with such control of environ- 
ment as can be considered practical of attainment in modern rural and 
urban life. Thus, while it cannot be claimed with academic certainty 
that the reinfection type cases here presented derived endogenously, 
nevertheless, from a practical standpoint their number can, we feel, 
be considered representative of what might be expected from a follow-up 
plan of this type in the age groups represented. 

The Child Caring Department of the Society of St. Vincent de Paul 
is an organization for the foster home care of dependent children in 
Detroit whose running population varied during the years of this study 
between 1,100 and 1,400. The children come largely from the poorer 
economic stratum of this city; the foster homes are for the most part 
situated in rural communities within a radius of fifty miles. As will 
be evident from the family histories, the occasion for dependency was 
in many cases the occurrence of disease, often tuberculosis, which re- 
sulted in disbanding the family group. On admission to the care of the 
Society, the children receive a complete physical examination which 
includes tuberculin testing and the X-ray examination of reactors and 
contacts, and they are then placed in supervised foster homes, in most 
instances in rural communities. When reinfection type disease was dis- 
covered, the foster parents were checked when this proved possible. 
The removal of the reactors and contacts from their presumed original 
source of infection and the opportunity of following them intensively 
over long periods of time suggested the desirability of this study. In 
connection with the study, a summer camp was operated for those chil- 
dren whose nutritional state seemed to warrant special care. 
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Reactors and exposure cases who had not reacted on first examination 
were reéxamined in the clinic twice a year. Admission to the summer 
camp was based on the nutritional progress of the child during the 
preceding year. 

A third group of 358 children from families receiving sporadic aid 
from the St. Vincent de Paul Society was examined because nutritionally 
they seemed suitable candidates for the summer camp. There were 
found, among these, 54 reactors, 2 of whom had reinfection type pul- 
monary lesions. No regular supervisory control existed over these 
families in contrast to the foster homes, and they are not further con- 
sidered in this report. The incidence by age groups is recorded in 
table 1; both sexes were approximately equally represented, 52 per cent 
girls and 48 per cent boys. 

The major objects of the study were as follows: (1) To record the 
incidence of reinfection type disease which under the conditions of the 
study might be presumed to be endogenous in origin; (2) to observe 
quantitatively the course of the tuberculin reaction throughout the 
evolution of the disease; (3) to make such observations clinically and 
metabolically as might throw light on the factors influencing the occur- 
rence of and the course of the reinfection type lesions; and (4) to ascertain 
whether or not we might affect the incidence of, or the mortality from, 


the reinfection type lesion by a system of constant supervision which 
would insure the early detection of reinfection type lesions and which 
included the use of the summer camp for improving nutrition. 


INCIDENCE OF REACTORS AND OF REINFECTIONS 


From 1928 to January, 1940, a total of 4,808 children were tested 
with tuberculin, usually 0.1 mg. intracutaneously except as varied in a 
manner described later. There were detected 828 reactors (17.2 per cent). 
In addition, 135 contacts who failed to react were examined by X-ray 
and followed for at least two years. Among the reactors, 603 were 
followed for varying periods up to five years, 255 from five through 
nine years, and 93 from ten to twelve years. There were found 33 cases 
of reinfection type tuberculosis, including in that classification 2 cases 
of pleurisy. Of these, 10 were found on first examination and are not 
further considered here, since their study is irrelevant to the question 
of endogenous reinfection. 

Among the 23 reinfections developing after contact was broken, 17 
were in girls and 6 in boys. The sex distribution of the reactors was 
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about equal. Considering the ages under study this is in accord with 
the usual experience. 

There was a family history of tuberculosis in 380 of the children fol- 
lowed, and a negative history in 448. Of the 23 cases who developed 
reinfections subsequent to their removal from their own homes, 18 had 
had definite contact in those homes, 2 gave an indefinite history of 
contact, and in 3 there was no known contact. These findings are sum- 
marized in table 1. There is noted also in this table the age of the onset 
of menses as an indication of physiological as distinct from chrono- 
logical age, a point which seems to us significant and which will be 
developed later. 


OBSERVATIONS ON SKIN SENSITIVENESS TO TUBERCULIN 


One of the aims of the study was to determine over long periods of 
time quantitative variations in the level of allergy, insofar as these were 
measurable by the reaction to graded dilutions of Old Tuberculin intra- 
cutaneously, to observe whether or not any correlation might be noted 
between such variations and the reinfection phenomenon, and to detect 
such instances of loss of reactivity to the usual diagnostic doses as might 
occur. 

In the study here reported, covering an age group from two months 
to nineteen years, a single lot of tuberculin prepared by Dr. Leroy Gard- 
ner of Saranac Lake has been used throughout. It was felt that it could 
be kept safely for indefinite periods without dilution, but dilutions were 
made up twenty-four and forty-eight hours before being used, long 
enough to be certain of sterility. Intracutaneous injections of 0.02 mg., 
0.01 mg. or 0.1 mg. were used for the initial tests, except in instances 
where it might be anticipated that sensitivity would be usually high 
(phlyctenules, lymph node or bone involvement, etc.). A range of dilu- 
tions from 10 mg. to 0.000,000,000,1 mg. has been used in following the 
curve of sensitivity in a given case. 

Using this quantitative serial dilution technique, we have previously 
(4) reported the course of the level of allergy in those uncomplicated 
first infections which could be observed from their beginning as judged 
by the X-ray evidence through their calcification. This was shown 
to follow a curve which started at low levels and mounted steadily to a 
point at which reactivity could be elicited with doses as small as 0.000- 
000,001 mg. From this point a steady decline was evident, though 
actual loss of reactivity to 0.1 mg. was not observed in this group, but 
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the observations did not extend over a period sufficiently long for this 
to be expected. The rise and fall of the initial parabolic curve was ap- 
proximately twenty months. While in many instances the rise in this 
curve seemed to parallel absorption of the parenchymatous lesion and in- 
creasing involvement of the lymph nodes, and its decline to follow the 
diminution in size and calcification of these nodes, nevertheless the fact 
that the same type of curve was found in cases which seemed to retrogress 
or to remain stationary, made it seem likely that the changes in allergy 
as observed in this simple uncomplicated type of first infection were in- 
dependent of both the immune process and the anatomical pathology, a 
thesis developed by Rich and McCordock. 

In this series of 828 reactors, loss of sensitivity to 0.1 mg. has been 
observed in 26 children and to 1.0 mg. in 12. In all instances there was 
X-ray evidence of first infection type tuberculosis. In table 2 there is 
recorded the peak of sensitivity noted in this group and the number of 
years required for the loss to occur. This, of course, can be only a frac- 
tion of the actual time, since the duration of sensitivity prior to detection 
is not known. This period varied from one to ten years with a mean of 
five, during which time there was no known contact with the disease. 
The relation of calcification to the loss of reactivity is not constant, but 
17 of the 26 cases lost reactivity when calcification had been evident 
for more than four years, 6 lost it coincidentally with the appearance of 
calcium and 3 without any evidence of calcium in the usual anteroposte- 
rior film. 

Of the 135 contacts who did not react on their initial examination, 
15 developed sensitivity within a year, 12 in from two to three years, 
and 4 in five years. In none of these developing sensitiveness, nor in 
those remaining negative was X-ray evidence of tuberculosis found. 

With the annual or semiannual application of serial dilutions the fol- 
lowing points were interesting: (7) Allergy as measured by this technique 
fluctuated from year to year though the general tendency was to decline, 
and cause for the fluctuation was not usually evident. (2) Loss of 
sensitiveness to usual diagnostic doses (0.1 and 1.0 mg. Old Tuberculin) 
was encountered in 38 instances, but 12 of these are not further considered 
in this report because the finding of the positive test was made on only a 
single occasion, could not be confirmed by repeated testing with in- 
creased dosage and was not supported by accompanying X-ray evidence 
of disease, though of course the negative plate was a frequent finding 
with other definitely positive reactors. (3) No consistent trend was ob- 
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served in sensitiveness on the development of the reinfection type lesion; 
in 11 cases the sensitivity increased, in 5 it was on a lower level than it 
had previously been, in 4 the level was unchanged and in 3 the deter- 
mination could not be made. It is not felt that this finding should be 


TABLE 2 


TIME IN YEARS TO LOSE \ 
INTERVAL FROM 


REACTIVITY TO 0.1 AND 
cma 1.0 uc. YEARS TO OBSERVE CALCIFICATION 
REACTIVITY CALCIFICATION TO LOSS OF 
REACTIVITY 


1.0 mg. 


9 
7 


0.001 
0.01 
0.000, 1 
0.01 

0.1 
0.05 
0.001 
0.000, 1 
0.000, 01 
0.001 
0.05 
0.001 
0.001 
0.1 

0.1 

0.1 

0.01 
0.000, 001 
0.05 
0.001 
0.1 
0.000, 1 
0.000, 1 
0.000, 1 
0.001 
0.01 


Ca in 1st plate 
Ca in 1st plate 
2 
3 
Ca in 1st plate 
2 
2 
1 
1 
Ca in ist plate 
Ca in 1st plate 
1 
No Ca 
1 
3 
Ca in ist plate 
3 
2 
9 Ca in 1st plate 

6 No Ca 


CONAN WH 


BNO OCAN NNN OO 


*R.C. First infection 1932; reinfection 1934. 

17 of 26 lost sensitivity 4.3 years after calcium appeared on X-ray films; 
6 iost it coincidentally with appearance of calcium; 
3 lost it without showing calcium in anteroposterior X-ray films. 


interpreted too strongly in favor of the idea that the allergic phenomenon 
plays no réle in the healing process. It is our impression that within 
rather wide limits of fluctuation this may be the case, but that both 
anergy and extremely high sensitivity are undesirable accompaniments 
of reinfection type lesions. 


NUMBER 
| 
| 
10 
11 
12 | 
13 | 
14 
15 | 
16 
17 
18 
19 a 
20 
21 
22 
23 
24 
25 
26 a 
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The bearing of our findings on the present active question of the ade- 
quacy of skin testing as a screening measure, which question is well 
reviewed elsewhere (5, 6), would seem to us to be as follows: In none of 
the 135 cases who had been in contact with tuberculosis and who reacted 
negatively to tuberculin, was there found any roentgenological evidence 
of disease on the first examination. In 2 cases among those who de- 
veloped anergy to 0.1 mg. Old Tuberculin, reinfection type disease de- 
veloped, but in neither of these was a diagnostic problem created, since 
positive reactions had been found which had led to the initial examina- 
tion by X-ray. It would seem to us that one of the important items for 
evaluation in the future is the ultimate fate of those reactors who have 
become anergic and who show calcified shadows in the X-ray film. It 
is highly probable that they represent the type of case examined by Feld- 
man and Baggenstoss in whom the first infection had “died out” in a 
very literal sense. 


FACTORS INFLUENCING THE DEVELOPMENT OF THE REINFECTION LESION 


Baldwin (7) once expressed the opinion that “reinfection is mostly 
autogenous superinfection and due to disease, overstrain, trauma or any 
cause of lowered vitality, whatever that may mean” and it has been 
part of our plan to attempt to measure in a quantitative way a few of 
those factors which might conceivably constitute “trauma or a cause of 
lowered vitality” in this age group, namely, diet, focal infection, the 
rapid growth preceding the physiological change accompanying sexual 
maturity, and others, using as a measure of these changes the nitrogen 
and calcium balance over long periods of time. Weight is a notoriously 
unreliable index of the nutritional state. We have been able to show pro- 
longed weight gain during a period when nitrogen was being lost from the 
body and conversely consistent additions to the body of calcium and nitro- 
gen while weight was being lost. It must be admitted, though, that many 
of the curves of weight of the children in the study when plotted over a 
ten-year period show plateaus and depressions at the time of the develop- 
ment of the reinfection lesion not found in the normal, though the actual 
weight at that time might not be significantly different from the average; 
still other curves, however, reveal no departure from the expected. 
Metabolic determinations have been done on most of the subjects and 
the details of these are appearing elsewhere. It is appropriate here, 
however, to refer briefly to a number of findings which logically can be 
thought to bear on the point. 
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One of the greatest difficulties arising in the attempt to assess the 
nutritional state of an infected individual lies in the fact that it is only after 
he has developed his infection that study is legitimate in an institution 
and it then becomes a problem to dissociate cause and effect. It was 
our thought that if balance could be determined on absolutely minimal 
lesions unaccompanied by any gross evidence of disease, such as fever, 
weight loss, etc., and if it could be shown that these were of an unusually 
high magnitude, the inference might be reasonable that such retentions 
represented replenishment of depleted stores. The literature on this 
physiological principle is reviewed elsewhere (8). Actually we have 
found that the retentions in children with extremely small lesions were 
on admission to the hospital less than average but with recovery promptly 
rose to levels so high that their explanation would have to involve the 
assumption of a previous deficit. The low retentions of the early phase 
can be interpreted as meaning that the toxicity of the lesion is greater 
than we realized and indicates a need for a higher protein than McCann’s 
(9) work would indicate, but he warned that his recommendations 
should not be applied to the growing child. 

If there be any basis for the feeling that a lowering of nutritional re- 
serves may play a réle in the evolution of the lesion, it is not sufficient to 
measure the adequacy of the nutritional requirement by the dietary in- 
take. As a cause for malnutrition, the actual intake of food is probably 
of far less importance in the middle and upper economic strata than is 
the presence of a disease process interfering with its utilization. In a 
group of 100 children from good homes brought to a pay clinic because 
of nalnutrition, an adequate diet seemed available for all but 3 patients, 
but some definite disease process was found in 86 of these children, 65 of 
whom had chronic infection of the upper respiratory tract. In the lower 
economic stratum, these figures might not hold and the availability of 
food would play a more prominent réle. The presence of a focal infec- 
tion may so impair the utilization of an otherwise adequate nitrogen in- 
take that an actual negative balance may exist, in the presence, for ex- 
ample, of chronically infected tonsils and this has been reported in detail 
elsewhere (10). The lesson from this study is that the search for and 
the elimination of nontuberculous foci of infection should be a part of 
the program of supervision of all children harboring the first infection. 
We have extended the work on nitrogen to include calcium and have 
shown a similar diminished retention, with incidentally a failure to heal 
of a tuberculous bone lesion, in a child with infected tonsils, the retention 
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promptly becoming normal following their removal. Among the cases 
reported here the actual réle of focal infection as a factor influencing the 
nutrition and the development of the reinfection can only be speculated 
on. M. S. (#19) who showed the reinfection in 1935 had a chronic 
upper respiratory history from 1928 to 1933 with otitis media, purulent 
cervical adenitis and tonsil infection. L. D. (#20) described a pro- 
tracted ‘“‘cold” from which she was slow to recover before the appearance 
of her reinfection, and A. F. (#18) gave a similar history, and on ex- 
amination showed bilateral involvement of his maxillary sinuses. J. W. 
( #14) showed at the time of the discovery of her very minimal reinfec- 
tion a definite anaemia, (red blood cells 3.7 million, haemoglobin 10.2 g.) 
which may have been contributed to by bilateral involvement of her 
antra. 

Regarding the intake of protein we have published elsewhere (11) a 
study in which this item was made a variable and were able to show that 
for consistent retentions in the growth period, fifteen per cent of the total 
calories should derive from this source, rather than thirteen, a point of 
some importance when minimal diets are being considered. 

Regarding the phenomenon of puberty itself, the Committee on Nutri- 
tion of the League of Nations (12) has this to say, which is a reflection of 


a feeling that warrants further study: “All authorities on the subject 
are, however, agreed that under normal conditions of life, this is one of 
the most crucial periods. ...This is the age when the most serious 
cases of pulmonary tuberculosis occur... whatever may be the real 
explanation, it is undoubted that many adolescents are being improperly 


3? 


nourished at the present time and are suffering in consequence.” Seven- 
teen of the 23 cases showing reinfection following the breaking of contact 
were girls, and of these, 14 developed the lesion within three years of the 
first menstrual period. The ages at which the menarche appeared and 
the ages at reinfection of these girls are recorded in table 3. While the 
number does not permit of statistically significant treatment, it is sug- 
gestive that the average age of the first menstrual period is lower than 
usual and that the mean age“at reinfection is about a year after the 
menarche. 

The metabolism of puberty has been studied (13) and it has been 
shown that the phenomena associated with the onset of menstruation 
in the girl are accompanied by a frank depression in the retention of cal- 
cium and nitrogen; that the menarche is preceded by a rise and followed 
by a fall in basal metabolism; and it is our feeling that these findingscan 
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logically be felt to play a réle in the sharp increase of disease at this period 
through the medium of a depletion of reserves. A single example of 
these studies is here reproduced (chart 1). In a study of the réle of the 
thyroid (14, 15) we pointed out that elevations of the basal metabolic 
rate to pathological levels and depressions were alike accompanied by 
impaired utilization of nitrogen and calcium and both of these should be 
sought for and treated throughout the adolescent period. It is not to be 
inferred from this that we feel that the elevated and depressed metabolic 
rates preceding and following the menarche are solely on the basis of a 
change in the thyroid. In exploring the effects of several of the hor- 
mones, the most striking thus far has been the depression effect on re- 
tention of the estrogenic substance, material as yet unpublished. 


TABLE 3 
Menarcheal age and age on reinfection, 17 girls 


MENARCHEAL AGE AGE ON REINFECTION 


Number of cases Number of cases 


4 
6 
5 
2 


Mean 12.3 years Mean 13.4 years 


In support of the thesis suggested above, two other items are worth 
recording. A correlation between the spread of disease and the failure 
to remain in positive nitrogen balance was pointed out in the paper de- 
voted to the study of the metabolism of the girl at puberty, as well as 
our reason for feeling that this negative nitrogen balance was in the 
nature of cause rather than effect. An instance of this is here reproduced 
(chart 2). We have in addition observed over periods of as long as seven 
months to a year retentions of so large a magnitude that their explana- 
tion in our minds could most logically be arrived at only from the infer- 
ence that reserves had been depleted. 

We are conscious of the multiplicity of activating agents in this process 
and wish to stress the fact that we feel we are investigating only a few of 
a number of possible exciting causes. The common denominator of 
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Cart 1. The depressing effect on retention of the menarche 


D. W. Continuous nitrogen and calcium balances plotted in curves smoothed by the 
method of 3’s, six-day balances being used. The menarche occurred in the sixth period. In 
this patient the low point in retention occurred thirty days after the menarche. There was a 
direct parallelism between the basal metabolic rate and retention, the higher retentions ac- 
companying higher rates and vice versa. The extremes of the metabolic rates, —8 and —20 
by the Boothby standards, become —1 and —15 by the height standard of Talbot. 

This and chart 2 are reproduced here by permission of the American Journal of Diseases 
of Children where they appear in Vol. 59, 2, (February) 1940. 
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Cuart 2. Metabolism at puberty with spread of a reinfection type lesion 

Admitted with an apparently minimal reinfection type lesion, this child was being studied 
to determine nutritional requirement at this age. In the first forty-five days there was a 
steady gain in weight, but a positive nitrogen balance only with high intakes of nitrogen. 
The basal metabolic rate was +2 (+5 by Talbot height standard) and this declined gradually. 
The negative balance at the menarche could be attributed to a diminished intake, but im- 
mediately following the menarche, the balances were negative on amounts which before the 
menarche gave positive balances. In the 12th nine-day period a rise in basal calories oc- 
curred from 1,409 calories to 1,655 (—5 to +11 Boothby; —2 to +18 Talbot), and at this 
time there was detected a frank spread of the tuberculous lesion requiring collapse therapy. 

Cause and effect are here difficult to separate, but our experience with what may usually 
be expected when a child with a minimal lesion is put at bed-rest and is seen to be gaining 
normally, both as measured by weight and retention, leads us to feel that the menarche here 
resulted in an untoward effect on metabolism which at least favored spread. The actual rise 
in basal calories is probably the resultant of two factors, the spread and the puberty reaction; 
X-ray evidence of the exacerbation was already present when the peak metabolic determina- 
tion was made. 
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these items involving diet, infection, growth and hormone influences is 
nutritional. The importance of the massiveness or repetition of the 
initial infection is suggested by the fact that, although a family history 
of contact is present in only half of the reactors, this history is available 
in over 70 per cent of those who developed reinfections following their 
entrance into foster homes. 


EPIDEMIOLOGICAL IMPLICATIONS 


Of the 828 children who were reactors to tuberculin, 380 gave a definite 
history of exposure to a known case of tuberculosis. It is striking to 
note that of the 23 cases of reinfection type tuberculosis developing in 
the reactor group after removal to foster homes, 18, or 78 per cent, were 
from the group who had a history of contacts and only 5 from the 448 
reactors who had no record of exposure; in other words, 4.7 per cent of 
the contacts developed reinfection tuberculosis whereas only 1.1 per cent 
of the noncontacts did. 

Of the children who were negative when first tested with tuberculin 
some 3,980 were under observation during these same years. In this 
group only one case of reinfection type tuberculosis occurred, or a per- 
centage of 0.025. Note: To be exact, these figures should be translated 
into person years since not all the children were observed for the whole 
twelve-year period. The relationship is essentially correct, however. 

Forty-one cases out of 583 who were rechecked developed positive 
tuberculin reactions after having had negative ones on first examination. 
Of these, 31 came from tuberculous families and 15 developed the reaction 
within the first year after leaving these families. This incidence in a 
relatively selected group (135 of the 583 had been contacts) might be 
considered a further check on the nature of the foster homes. 

It seems apparent, then, that endogenous reinfection must have oc- 
curred in these reactors and that a definite exposure means a much 
greater likelihood of this occurring than is the case where no definite 
history of exposure can be found and the only evidence of infection is a 
positive tuberculin test. It is reasonable to suppose that the larger and 
probably repeated doses the child received during his period of exposure 
where contact was known to have occurred resulted in a more extensive 
infection and a much less stable healing process, than in those receiving 
a small dose from a casual exposure. 

In following the development of reactor children, then, it is most im- 
portant that they all be followed. If facilities are meager the group with 
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a history of contact and a positive tuberculin test should receive first 
attention. However, those who are reactors but without history of 
exposure should, if possible, be followed for a significant number of cases 
may develop in this group also and it is imperative that they be detected 
early. It is not enough simply to break the contact of the child with a 
source of tuberculous infection but he must be watched for the first 
evidence of reinfection disease. While many of these reinfections appear 
at the adolescent period as has been noted still several appear earlier. 
Barring the accident of miliary tuberculosis, which occurred twice in 
this series, the cases have been detected early and have done well under 
treatment. Fourteen have been discharged from the hospital and 7 are 
still in the hospital but doing well. This experience is much better than 
that occurring where the disease is allowed to go on to advanced degree 
and the deaths are numerous and treatment much more protracted. 


CASE HISTORIES 


Cases Developing Reinfection after Removal from Contact 


1: D. B., female, born October 20, 1923, first seen January 24, 1928, menarche 
October, 1935. Observation twelve years. (Figures 1a and 1b.) 

History: Contact with tuberculous uncle for a year. Other members of 
boarding home to which she was transferred in 1928 checked; changed to 
another home three months before appearance of reinfection. 

Roentgenograms: Negative at five, six, seven and eight years. Calcification 
noted at ten years. Reinfection one year later, 1934. This seemed quiescent 
after eight months without collapse and was still healed in December, 1939, 
at the age of sixteen years. 

Allergy: Positive reaction to 0.01 mg. and negative to 0.001 mg. at seven 
years. At eight years negative to 0.1, and at eleven, fifteen and sixteen years 
negative to 1.0 mg. 

Comment: The unusual feature of this case was the curious reaction to tuber- 
culin. While 26 children in the study to be mentioned later in this report 
have lost sensitivity to the extent of reacting negatively to 0.1 mg. and 10 to 
1.0 mg., this is one of two instances in which there occurred a reinfection type 
lesion. See also case 3, R.C. The reinfection was noted about a year before 
the onset of menses. 


2: G. C., male, born May 7, 1932, first seen July 28, 1932, observed two 
months. (Figures 2a and 2b.) 

History: Nursed by a mother with open tuberculosis for two months; con- 
tact then broken. 
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Roentgenograms: The first plate taken was interpreted as showing nothing 
definite though there was noted a deviation of the trachea and the left upper 
in retrospect seemed a little hazy. At this time he was observed in the hospital 
and found to be eating and gaining and showing no fever. One and one-half 
months later he developed a miliary process from which he died. 

Allergy: Only one observation was made: on first examination he was found 
to react to 0.01 mg. 

Comment: At autopsy the trachea was found displaced by a mass of caseous 
lymph nodes which had ruptured into it. 


3: R.C., female, born May 11, 1926, first seen March 7, 1932, menarche May, 
1937. Observed eight years (Figures 3a and 3b.) 

History: Exposure to both parents who had tuberculosis, the father having 
died of it, and the mother being institutionalized at the time of first observa- 
tion. Contacts in foster home where she resided just prior to second hos- 
pitalization checked by X-ray, though not those of the first home. 

Roentgenograms: At six and seven years were negative; at nine calcium was 
evident in the hilum region. In 1936, at age ten, a reinfection type lesion 
was noted in the first left interspace and the child was hospitalized for fifteen 
months until July, 1937. Between then and September, 1938, she was checked 
five times when an exacerbation of the apical lesion was noted and she was 
again hospitalized and collapse therapy instituted which is still being main- 
tained. A lesion on the opposite side appeared in August, 1939. 

Allergy: A “threshold” in 1932 was 0.1 mg.; this increased to 0.01 mg. in 
1935, but when the reinfection type lesion was found in 1936 she reacted 
negatively to 0.01 mg. Just prior to the exacerbation in September, 1938, a 
further decline in sensitivity was noted, the reaction to 0.1 mg. being negative. 
In January, 1940, with bilateral pneumothorax she reacts negatively to 1.0 mg. 

Comment: In this, as in case 1, there is an unusual loss of sensitivity in the 
presence of the reinfection lesion, but any inferences that might be drawn from 
this that tended to relate the lowered sensitivity to the unfavorable course 
should be balanced by observations on many more cases in the series where 
the reverse was true. 


Fic. 1a. (upper left) D. B. Female, age seven years. Questionable calcification 
right hilum. 

Fic. 1b. (upper right) D. B. Reinfection lesion second and third left interspace. 

Fic. 2a. (second row left) G. C. Male infant, two and a half months. Parenchyma 
clear; trachea deviated. 

Fic. 2b. (second row right) G. C. Three and a half months. Miliary. 

Fic. 3a. (bottom row left) R.C. Female, eight years. Negative. 

Fic. 3b. (bottom row right) R.C. Ten years. Reinfection lesion first left interspace. 
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4: J. C., male, born June 14, 1922, first seen July 25, 1932. Observed eight 
years. (Figures 4a and 4b.) 

History: Questionable history in father. Lived in the city under poor con- 
ditions, with 5 other children in two rooms. Food poor, though there was 
plenty of milk. Became a ward of Society in 1934 when the pleurisy was 
discovered. 

Roentgenograms: Showed a first infection in 1932, age ten, a pleurisy at 
age twelve, an absorption of this two months later, a recurrence of pleurisy 
at thirteen, an adult type lesion at seventeen. In January and October, 
1939, he was well. 

Allergy: He reacted positively to 0.001 and negatively to 0.000,1 mg. in 
1933; on the appearance of the pleurisy sensitivity increased to a level of 
0.000,001 mg. in March, 1934, and declined two months later with the healing 
of the pleurisy to a point at which he was negative to 0.001; it rose again to 
0.001 mg. with the recurrence of pleurisy and in January, 1939 the reaction 
was positive to 0.001. 

Comment: Though contact with father ceased at his death it was not pos- 
sible to check relatives in his own home with whom he continued to live between 
1932 and 1934. 


5: J. DeM., female, born May 13, 1914, first seen April 7, 1930, menarche 
1925. Observed ten years. (Figures 5a and 5b.) 

History: Had been exposed to father and mother who died of tuberculosis. 
For the three years preceding hospitalization had been in various foster homes. 

Roentgenograms: In April, 1930, when first seen at the age of sixteen years, 
an X-ray film was negative. In February, 1931, age sixteen years, an adult 
type lesion was noted and for this a phrenicotomy was done. In 1934 the 
lesion seemed well healed and she returned home; this was checked in 1934 and 
1935 and showed no change. She then married and had two children. In 
August, 1938 an exacerbation was noted of the original adult type lesion and 
collapse therapy was instituted. In February, 1939 she was afebrile and had 
a negative sputum. From then until February, 1940 collapse therapy main- 
tained. Now lives with her children. 

Allergy: Her threshold in 1930 and 1931 was 0.01 mg. A decline was 
noted at the time of the appearance of the reinfection. In August, 1933, 
while in the sanatorium and after the phrenicotomy had been done, a tre- 


Fic. 4a. (upper left) J.C. Male, ten years. Calcified tubercle right base. 

Fic. 4b. (upper right) J.C. Twelve years. Interlobar pleurisy. 

Fic. 5a. (second row left) J. D. Female, sixteen years. Negative. 

Fic. 5b. (second row right) J. D. Seventeen years. Reinfection lesion first left interspace. 
Fic. 6a. (bottom row left) G. G. Female, ten years. Negative. 

Fic. 6b. (bottom row right) G. G. Fourteen years. Reinfection lesion right apex. 
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mendous increase in sensitivity was recorded, a positive reaction occurring 
to 0.000,000,01 mg. 
Comment: Still ambulatory but receiving pneumothoraces. 


6: G. G., female, born April 14, 1920, first seen January 2, 1931, age eleven, 
menarche September, 1933. (Figures 6a and 6b.) 

History: At home with father for one and a half years before he died of 
tuberculosis in 1932. Grandfather also died of tuberculosis and child then 
lived on with grandmother, who was checked by X-ray and found free of the 
disease. 

Roentgenograms: In 1930 and in January, 1931, X-ray films were negative. 
In June, 1931 the calcification of the first infection was seen, child returned to 
home care and no further change was evident until 1936 when the first evidence 
of the reinfection lesion was noted and she was hospitalized from April, 1936 
until March, 1937. Again in January, 1938 she was hospitalized because of 
poor nutrition and the questionable nature of the lesion seen on the X-ray 
film which had not receded. She remained in the hospital for six months. 
A check in January and November, 1939, at the age of eighteen, showed the 
lesion quiescent. 

Allergy: The threshold at ten years was 0.01 mg. and at fourteen years was 
the same; one year later when the adult type lesion was noted it had risen 
slightly to 0.001 mg. On her second hospitalization it had fallen again 
to 0.1 mg. 


7: C. K., female, born April 24, 1917, first seen June 7, 1932, menarche 1930. 
(Figures 7a and 7b.) 

History: Mother hospitalized June, 1932 for active tuberculosis. Child 
was placed in a boarding home for the next six months following which she 
returned to her own home, her mother having been discharged as noninfectious. 
Other children in the family were examined and found negative, though two 
adult brothers were not examined. 

Roentgenograms: The initial plate at the age of fifteen was negative. At 
sixteen years there was evidence of a first infection. At seventeen a minimal 
reinfection type lesion was seen for which she was hospitalized for four months. 
At eighteen this had cleared and at twenty-one she still showed no active 
disease. 


Fic. 7a. (upper left) C.K. Femaie, fifteen years. Negative. 

Fic. 7b. (upper right) C. K. Eighteen years. Reinfection lesion right apex. 

Fic. 8a. (second row left) C. P. Female, eleven years. Negative. 

Fic. 8b. (second row right) C. P. Twelve years. Reinfection lesion left upper lobe. 

Fic. 9a. (bottom row left) J. R. Female, fourteen years. Negative. 

Fic. 9b. (bottom row right) J. R. Fifteen years. Reinfection lesion second right 
interspace. 
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Allergy: At fifteen she reacted positively to 0.001 and negatively to 
0.000,1 mg. Sensitivity declined the following year when the calcified lesion 
was noted and was still down when the adult lesion appeared. At twenty 
(1937) she reacted to 0.01 mg. but was negative to 0.001 mg. In January, 
1939 was positive to .01 mg. 


8: C. P., female, born 1923, first seen August 17, 1934, menarche 1937. 
Observed two and one-half years. (Figures 8a and 8b.) 

History: Two sisters and a brother died of tuberculosis. Although this 
child remained at home, no evidence of disease could be detected in any of 
the contacts, all of whom were checked by X-ray. 

Roentgenograms: In 1934, at eleven years, her X-ray film was negative; in 
1935, at twelve years, there was X-ray evidence of a first infection, and the 
following year at thirteen years, a reinfection type was noted. 

Allergy: An exact level of reactivity was not determined, but in 1935 she 
reacted to 0.000,1 mg. 

Comment: Hospitalization was instituted and pneumothorax induced but 
removal from the country prevented follow-up. 


9: J. R., female, born 1922, first seen October 10, 1930, menarche January, 
1935. Observed ten years. (Figures 9a and 9b.) 

History: Cousin died of tuberculosis. For six months before being hos- 
pitalized she lived in the same boarding home in the country. Diet seemed 
adequate and contained plenty of milk and codliver oil. A tuberculin test 
at nine years of age was negative and none was done again until she was 
examined at the age of fourteen years because of attacks of abdominal pain. 
For this an appendectomy was done, but while the surgeon felt there was some 
gross evidence of inflammation the sections did not bear this out. Reviews 
by the gynecologist, urologist and gastroenterologist who did a biliary drainage 
failed to explain the pain. At this time, however, she was found to react to 
0.1 mg. Old Tuberculin and it is possible, though of this we have no proof, 
that an abdominal lymphadenitis explained the pain. 

Roentgenograms: The plate at the time of the above incident was negative, 
February, 1936. In November, 1936 the first evidence of an adult type lesion 
was observed. She was hospitalized from January through July, 1937, the 
shadow subsiding and in May, 1938 there was no sign of activity. 


Fic. 10a. (upper left) I. K. Female, sixteen years. Calcium right hilum. 

Fic. 10b. (upper right) I. K. Seventeen years. Miliary tuberculosis. 

Fic. 11a. (second row left) J. K. Male, thirteen years. ?Calcium first left interspace. 
Fic. 11b. (second row right) J.K. Seventeen years. Reinfection lesion left upper lobe. 
Fic. 12a. (bottom row left) B. K. Female, twelve years. Negative. 

Fic. 12b. (bottom row right) B. K. Fourteen years. Reinfection lesion right apex. 
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Allergy: The only quantitative observations made showed that the level 
of sensitivity declined with healing, for she was positive to 0.001 mg in Novem- 
ber, 1936, and negative to that amount in April, 1937. In May, 1938 she 
was negative to 0.01 mg. 


10: I. K., female, born January 15, 1913, first seen November 4, 1929 age 
sixteen, menarche 1927. Observation one year. (Figures 10a and 10b.) 

History: No known contact with tuberculosis. In 1922, at the age of nine, 
she was known to have a childhood lesion. At fifteen she had a cervical ade- 
nitis. At sixteen tuberculosis of the knee was found and the chest still showed 
only a first infection. In 1930, at the age of seventeen, miliary tuberculosis 
appeared. She died with meningitis. 

Allergy: The only level obtained was on the final admission and this proved 
to be between 0.05 mg. and 0.02 mg. 


11: J. K., male, born October 7, 1916, first seen September 10, 1929. Observa- 
tion eleven years. (Figures 11a and 11b.) 

History: Father and sister died of tuberculosis. Lived in same foster home 
for entire observation beginning in 1929. A plate taken in another hospital 
at the age of seven years when he was found to have tuberculous cervical 
adenitis showed a calcified childhood lesion. ; 

Roentgenograms: The first plate taken in this study at the age of thirteen 
showed a childhood type lesion with a small apparently calcified nodule in 
the left apex. At the age of seventeen an adult type lesion was found in the 
left apex, for which he was hospitalized. Spread has since occurred to the 
other side and thoracoplasty has been done. Still is in hospital and occa- 
sionally has positive sputum; last seen in November, 1939. 

Allergy: A level in 1929 was 0.001 mg. In 1933 when the adult type lesion 
was found sensitivity had increased to 0.000,001 mg. 


12: B. K., female, born December 21, 1920, first seen 1927, menarche 1932. 
(Figures 12a and 12b.) 

History: No exposure. 

Roentgenograms: From the age of seven to twelve X-ray films were negative, 


Fic. 13a. (upper left) F. R. Male, thirteen years. Calcium left hilum. 

Fic. 13b. (upper right) F. R. Seventeen years. Reinfection lesion first right interspace. 

Fic. 14a. (second row left) J. W. Female, twelve years. First infection focus, left. 

Fic. 14b. (second row right) J. W. Seventeen years. Reinfection lesion first right 
interspace. 

Fic. 15a. (bottom row left) R. P. Female, five years. Negative. 

Fic. 15b. (bottom row right) R. P. Nine years. Calcum and reinfection lesion right 
apex. 
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at this time the first infection was noted and confirmed the following year. 
The reinfection lesion appeared at fourteen, was quiescent ten months later 
and still at the age of eighteen showed no change. September, 1939, at the 
age of nineteen, reinfection spread and she has been hospitalized at Henry 
Ford Hospital since. Pneumothorax and phrenic crushing done. 

Allergy: The first measurement of allergy showed a level between 0.01 
and 0.001 mg. at the age of ten. At the time of reinfection allergy increased 
but was not measured beyong 0.001 mg. It rapidly waned then until she 
was negative to 0.1 mg., but in January, 1939 was positive to 0.1 mg., and on 
December 28, 1939, .01 positive, .001 negative. 


13: F. R., male, born 1919, first seen September 5, 1930. Observed ten years. 
(Figures 13a and 13b.) 

History: Followed since age of eleven years after exposure to father who 
was hospitalized for and eventually died of tuberculosis. Lived in country 
boarding home and received adequate food, milk and codliver oil, and had 
only light chores. 

Roentgenograms: In 1930, age eleven years, were negative, a childhood type 
lesion was seen in the plates in 1932, 1934 and 1935, but in 1937, at the age 
of seventeen, an adult type lesion was found for which he was hospitalized 
in January, 1937. He left the hospital against advice after three weeks, but 
serial X-ray films in 1938 and through October, 1939 showed healed adult 
type lesion. ; 

Allergy: The threshold was 0.001 in 1931; it declined to 0.01 mg. at the 
time of the appearance of the adult type. 


14: J. W., female, born 1920, first seen October 25, 1927, menarche 1933. 
Observed thirteen years. (Figures 14a and 14b.) 

History: Mother died of tuberculosis 1926. 

Roentgenograms: A first infection was evident in the plates taken from the 
age of seven years to seventeen years, at which time a minimal reinfection was 
noted. This cleared with bed-rest during a six months’ stay in the hospital. 
In December, 1938 it still appeared quiescent. 

Allergy: She reacted positively to 0.01 mg. and negatively to 0.001 mg. 
at eleven and twelve years; this increased to a positive 0.001 at thirteen, 
fourteen and fifteen years, but at the time the reinfection lesion was noted 
reactivity diminished again to 0.01 mg. 

Comment: In December, 1938 she seemed well, was up to weight, was 
doing housework and her X-ray film showed her lesion quiescent. 


15: R. P., female, born January 16, 1926, first seen September 25, 1931, 
menarche 1937. Observed nine years. (Figures 15a and 15b.) 
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History: Exposed to mother who had open tuberculosis for which she was 
hospitalized September 25, 1931, at which time Rita was placed in a boarding 
home, aged six. All of the members of this home were checked and found 
free from tuberculosis. 

Roentgenograms: The first plate in 1931 was read as negative but in retro- 
spect there was probably evidence of the first infection behind the first rib 
on the right. In June, 1932 there was a well calcified lesion seen there. First 
evidence of minimal reinfection was noted medial to this calcified area in 
February, 1935, aged nine, and this was advanced sufficiently to warrant 
hospitalization in July, when a phrenicotomy was done. The lesion seemed 
healed in March, 1936, and the most recent plate in July, 1939 shows no 
recurrence, but does show a well calcified lesion in the left base. 

Allergy: Allergy has fluctuated very slightly, the average level being 
0.001 mg. No change was evident when the adult type lesion appeared. 
With healing she is now negative to .001 and positive to .01 mg. only. 


16: J. F., female, born December 29, 1923, first seen February 10, 1934, 
menarche 1936. (Figures 16a and 16b.) 

History: Mother and three siblings have tuberculosis. Removed to coun- 
try boarding home in February, 1934 at age of ten. She did little work here 
but her diet was low in milk. 

Roentgenograms: A childhood type was seen in February, 1934, a minimal 
adult type ten months later for which she was hospitalized for twenty months. 
A spread of this was noted in 1938. Series of X-ray films from 1926 to 1938 
showed healed adult lesion until July, 1938 when a right apical spread was 
seen. She has been treated by pneumothoraces up to present and is in 
hospital. 

Allergy: The threshold was 0.1 mg. in February, 1934; in October, 1934, 
when the adult type lesion was found, she had increased to at least 0.001. 
In 1938, when the spread was found, she was negative to 0.001 mg. 


17: S. F., male, born December 27, 1917, first seen February, 1934, age seven- 
teen years. (Figures 17a and 17b.) 

History: Mother lived with children five months after being diagnosed as 
having pulmonary tuberculosis. Contact broken February, 1934. 

Roentgenograms: Negative in February, 1934; adult type lesion in October, 
1934. Hospitalized from November 17, 1934 to July 5, 1935. In 1936, the 
adult type lesion was clear but calcification was now evident in the hilum. 
An extension of the initial lesion in the left apex occurred November 7, 1936 
and for this he was hospitalized from November 2, 1936 to May 15, 1937. 
Checked in October, 1938 and November 1939, he was well and by X-ray the 
lesion seemed quiescent. 
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Allergy: His level in 1934 was 0.01 mg. at the time of the first evidence of 
the adult type lesion; this increased to at least 0.001 mg. by January, 1936 
when the lesion had receded, but it declined again and he was negative to 
0.001 mg. in 1937, March, 1939 .01 mg., and November, 1939 0.1 mg. 


18: A. F., male, born 1921, first seen February 10, 1934, age thirteen years. 
(Figures 18a and 18b.) F 

History: Exposed to mother five months after she was known to have 
tuberculosis, then put in foster home on farm. Food was adequate and 
included plenty of milk and codliver oil. 

Roentgenograms: Negative twice in 1934, twice in 1935 and in July, 1936; 
a pleurisy with effusion was found in December, 1936 for which he was hos- 
pitalized for eight months, until August, 1937. On the same farm since with 
no recurrence. 

Allergy: In 1934 he was positive to 0.1 mg. and negative to 0.01 mg. This 
increased during the next two years to at least 0.001 mg. in August, 1935,and 
in August, 1936 he was positive to 0.000,1. Allergy has not changed since. 
Terrific reaction after 0.1 mg. in school. 


19: M. S., female, born March 22, 1926, first seen 1928, menarche 1938. 
Observed twelve years. (Figures 19a and 19b.) 

History: Six months exposure to mother after diagnosis of tuberculosis. 
Mother and one sister died of tuberculosis, one brother treated for childhood 
tuberculosis. In a boarding home from February, 1928 to July, 1932, when 
she returned to father’s care. All members of the boarding home were checked 
for tuberculosis. One sister, who had been previously hospitalized and dis- 
charged as an arrested case, broke down again and was rehospitalized with 
positive sputum in November, 1934, about nine months before Matilda’s break. 

Roentgenograms: Yearly plates showed a first infection from 1928 to 1935 
when a large parenchymal reinfection shadow appeared in the left middle. 
This was treated by collapse therapy from September, 1935 to July, 1937. 
In 1938 and 1939 the child seemed well and plate in June, 1939 showed healed 
lesion. 

Allergy: She reacted to 0.01 mg. from 1928 through 1932, but no threshold 


Fic. 16a. (upper left) J. F. Female, eleven years. Calcium right hilum. 

Fic. 16b. (upper right) J. F. Eleven years and nine months. Reinfection lesion left 
apex. 

Fic. 17a. (second row left) S. F. Male, sixteen years. Negative. 

Fic. 17b. (second row right) S. F. Sixteen years and ten months. Reinfection lesion 
left apex. 

Fic. 18a. (bottom row left) A. F. Male, fourteen years. Negative. 

Fic. 18b. (bottom row right) A. F. Fifteen years. Pleurisy right base. 


~, 
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was obtained until 1933; at that time she was negative to 0.01 mg. and positive 
to 0.05 mg. Again in 1934 she was twice found negative to 0.01 mg. At the 
time of the discovery of the reinfection lesion sensitivity definitely rose and 
she reacted to 0.000,1 mg. This declined with healing and in April, 1937 
she reacted positively to 0.1 mg. and negatively to 0.01 mg.; she was negative 
to 0.1 mg. in June, 1939. 


20: L. DeM., female, born August 7, 1915, first seen April 7, 1930 aged fifteen, 
menarche 1929. (Figures 20a, 20b and 20c.) 

History: Exposed to tuberculosis in father and mother up to the time when 
she entered boarding home under the supervision of the Society. 

Roentgenograms: At the age of fifteen, in 1930, she showed a childhood type 
lesion. An adult type lesion was found in 1933 at the age of eighteen. She 
was hospitalized and a phrenic nerve crushing was done. She left the sana- 
torium against advice but was followed and in 1936, age twenty-one, a spread 
was detected and she was again hospitalized and found to have a positive 
sputum. Pneumothorax was instituted and for eleven months she remained 
in the hospital from which she was discharged to continue collapse therapy in 
the outpatient department. It was still being maintained in February, 1939; 
since then she has married and will report at Herman Kiefer Hospital. 

Allergy: Positive to .001, negative to .000,1 on admission. During stay in 
hospital .000,001 was positive in 1933 and 1934. In 1935 she was positive 
to .001 and .000,1 mg. , 


21: J. S., female, born August 11, 1926, first seen December, 1926, menarche 
January 7, 1939. Observed three years. (Figures 21a and 21b.) 

History: No known contact. 

Roentgenograms: Four plates between December, 1936 and January, 1939 
showed a calcified first infection. A reinfection type lesion was noted in 
August, 1939, aged thirteen, and the child is at present hospitalized. 

Allergy: The threshold was 0.01 mg. in November, 1937; when the reinfec- 
tion shadow was first noted, it had fallen and a negative reaction was noted 
to 0.1 mg.; it rose to 0.01 in September, 1939, and in December, 1939 was 0.01 
positive, and 0.001 negative. 


Fic. 19a. (upper left) M.S. Female, six years. Calcium right apex and hilum. 

Fic. 19b. (upper right) M.S. Nine years. Reinfection lesion, left. 

Fic. 20a. (second row left) L. D. Female, fifteen years. “Spot” right apex—? first 
infection. 

Fic. 20b. (second row right) L. D. Eighteen years. Reinfection lesion right upper lobe. 

Fic. 20c. (bottom) L.D. Twenty years. Reinfection lesion right upper lobe. 
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22: B.S., female, born October 5, 1927, first seen February 10, 1937, observed 
three years. (Figures 22a and 22b.) 

History: Exposed to the mother until February, 1936. No known exposure 
in our boarding home. Remained undernourished and was reéxamined for 
this only. Reinfection came two years after the primary and three years 
after break in contact. 

Roentgenograms: In December, 1936 X-ray films, of chest negative. In 
November, 1937 a calcified primary infection lesion was seen in the left upper 
lobe and hilum. In July, 1939 a reinfection lesion was noted in both apices. 
This progressed slightly but did not cavitate and plates of January, 1940 
show no advance. 

Allergy: February 11, 1937 she was negative to 0.1 mg. November, 1937 
1.0 mg. showed slightly positive, and in July, 1938 she was positive to 0.1 mg. 
December, 1938 she was negative to 0.01 and 0.001 mg. February 7, 1940 
she was positive to 0.1 and 0.01 mg. 


23: B. DeP., female, born December 7, 1924, first seen April 4, 1929, menarche 
November, 1936. Observed eleven years. (Figures 23a and 23b.) 

History: No known contact, but child intermittently was with mother and 
sisters, all of whom were checked, rather than in boarding home during most 
of the observation. Found to be a reactor at the age of three years. 

Roentgenograms: First plate in 1929 at three years was negative; in 1931, 
age six years, calcium was evident in the hilum. Plates were taken at least 
once a year thereafter and in October, 1939 a reinfection type shadow was 
evident in the right upper. 

Allergy: She reacted to 0.001 mg. in 1930 but an actual level was not 
determined until 1931 when it had dropped to 0.1 mg. Considerable fluctua- 
tion is evident for the next eight years. May 9, 1939 0.01 mg. negative. 
February 7, 1940 0.1 and 0.01 negative. 


SUMMARY AND CONCLUSIONS 


1. Eight hundred and twenty-eight reactors were removed from con- 
tact and followed in boarding homes for varying periods up to twelve 
years. There were detected 33 cases of reinfection type disease of which 
23 developed after contact had been broken. 


. (upper left) J.S. Female, ten years. Calcium right base and hilum. 
. (upper right) J.S. Thirteen years. Reinfection lesion right upper lobe. 
. (second row left) B. S. Female, ten years. Calcium right hilum. 
. (second row right) B.S. Twelve years. Bilateral apical lesion. 
3a. (bottom left) B. DeP. Female, six years. Negative X-ray film. 
3b. (bottom right) B. DeP. Fifteen years. Reinfection lesion right upper lobe. 
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2. Eighteen of the 23 reinfections developing after reactors had been 
transferred to foster homes occurred in children with a history of exposure 
in their own homes. 

3. There have been 2 deaths from tuberculosis, one from a miliary 
process at the age of three months, another from miliary tuberculosis at 
fifteen years, a result which is interpreted as favoring the view that some- 
thing has been accomplished by the system of follow-up and preven- 
torium care. 

4. Quantitative estimations of sensitiveness to tuberculin were made 
periodically throughout the study with the following results: (a) there 
was a quantitative fluctuation for the most part unexplained with a 
general tendency to decline; (b) in 26 instances, reaction was lost to 0.1 
mg. Old Tuberculin and in 12 instances to 1.0 mg., in all except 3 of 
whom there was X-ray evidence of calcification. 

5. Among 135 contacts who failed to react on their first examination 
no evidence of tuberculosis was found on X-ray examination. 

6. These two findings, namely, the presence of calcium in those losing 
reactivity, and the absence of findings in contacts who did not react to 
tuberculin, suggest that the tuberculin test is an adequate screen for 
significant disease in this age range. 

7. Certain metabolic observations were made on a number of factors 
relating to the nutrition of the growth period which bring out (/) the 
high protein requirement of the growing child; (2) a correlation between 
negative nitrogen balances and the failure of disease to heal; (3) the de- 
pressing effect on the retention of nitrogen and calcium of the phenomena 
of puberty in the girl; (4) the similar effect of the presence of a focal in- 
fection and of (5) abnormalities in the basal metabolic rate. 


Acknowledgements: The study was subsidized jointly by the Children’s Fund of Michigan 
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Drs. Walter Rathbun, Edwin Baldwin, Henry Chadwick, Leroy Gardner and Max Pinner 
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IMMOBILIZATION OF LUNGS THROUGH PRESSURE! 


The Development of a Method of Equalizing the Pressure on Both Sides of the 
Chest Wall with Maintenance of Adequate Pulmonary Ventilation 
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The purpose of this study was (1) to develop a method of eliminating 
costal and diaphragmatic respiration, at the same time maintaining ade- 
quate ventilation of the lungs, and (2) to employ cessation of voluntary 
breathing in chronic pulmonary disease, such as pulmonary tubercu- 
losis, in which a physiological basis for lung rest appears to have a firm 
foundation. 

The first paper deals with experimental observations on alternating 
pressure respiration and the functional significance of an equalizing 
chamber. Only such clinical data are included which seem necessary 
to throw light on the physiological mechanism of lung ventilation without 
lung movement; a study of the therapeutic effects of this method will be 
the subject of the second paper. 


1 From the Department of Medicine, Columbia College of Physicians and Surgeons, and 


the Presbyterian Hospital, New York City. 
? This study was made possible by grants from the Mary W. Rumsey Fund, for which the 


author wishes to express his sincere appreciation. 
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THE PRINCIPLE OF ALTERNATING PRESSURE RESPIRATION 


In normal respiration there is a rhythmical increase and decrease of 
the size of the lungs equivalent to approximately one-sixth the volume of 
air in the lungs at the end of a quiet expiration. In 1924 Thunberg (1) 
suggested that a comparable pulmonary ventilation could be achieved 
by exposing a human subject to a pressure change of one-sixth the atmos- 
pheric pressure, twenty to thirty times a minute. An alternating pres- 
sure chamber was constructed, called the barospirator, in which patients 
with respiratory paralysis were treated. 

The principle of the method depends on the physical law that the 
number of molecules of a gas in a container varies with the pressure to 
which the gas is exposed, when the volume and temperature of the gas 
are constant. In quiet breathing a change in the pressure of the air in 
the lung of 2 or 3 mm. Hg. is produced by the respiratory musculature 
during inspiration and the elastic recoil of the lung in expiration; this is 
sufficient to accomplish a tidal air of 500 cc. or about one-sixth of the 
volume of air present in the lungs at the end of an ordinary expiration. 
When the muscles of respiration are no longer active, the lungs may be 
thought of as gas containers with a constant volume. Increasing the 
pressure of such a container one-sixth of the barometric pressure would 
therefore result in the passage into the container of an additional one- 
sixth number of gas molecules; if the container held previously 3,000 cc. 
of air, the number of molecules in it after pressure was applied would be 
the number contained in 3,500 cc. of air at atmospheric pressure. It 
was thought that the diameter of the chest did not change appreciably 
since pressure would be applied almost instantaneously to the outer and 
inner walls of the thorax. Conversely, one-sixth reduction of the pres- 
sure would result in an outward movement of a similar number of 
molecules of gas. 

The Thunberg respiration chamber was 2 m. long and 0.6 m. high, de- 
signed to receive the recumbent patient. It was connected to an air 
chamber in which the movement of a piston backwards and forwards, 
twenty-five times a minute, supplied a pressure of 55 mm. above and 55 
mm. below atmospheric pressure. During the phase of positive pressure 
air was compressed into the lungs and a similar pressure exerted on the 
chest and the rest of the body; during the negative phase a reverse action 
took place. 

Tests of the apparatus on normal subjects by Enghoff (2) revealed that 
71 per cent could stop spontaneous respiration with an effort of the will 
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for a variable length of time, although only 33 per cent showed an absence 
of breathing when pneumographic tracings were continuously recorded. 
It was found subjectively easier to stop breathing when oxygen was added 
to the inspired air. When the subjects continued to breathe in the cham- 
ber, most individuals inhaled during compression and exhaled during 
decompression; in some instances, breathing was opposite to this, inspi- 
ration taking place during the phase of negative pressure. Analysis of 
the test subjects’ blood carbon dioxide content generally showed a slight 
lowering, and the blood pH was usually slightly raised inside the baros- 
pirator. In 6 of 12 subjects tested by Enghoff the apnoea produced by 
the apparatus lasted from six to thirty seconds after the pressure change 
ceased, also indicating a slight increase of the hydrogen ion concentration. 

Sahlin (3) reported the use of the barospirator in 10 cases of respiratory 
paralysis or depression due to infantile paralysis or drugs. He concluded 
that an adequate pulmonary ventilation was achieved by this apparatus 
and found no signs of injury to the lungs from its use after autopsy of 
the fatal cases. 


DESCRIPTION OF FIRST ALTERNATING PRESSURE CHAMBER USED IN THIS 
INVESTIGATION 


Our interest in Thunberg’s original method of ventilating the lungs 
was not for purposes of resuscitation but rather with the object of pro- 
viding continuous lung rest in certain diseases in which such a physiolog- 
ical indication might be present. A small room was constructed in which 
a doctor and nurse could stand upright and a patient recline. Variations 
in pressure were accomplished by a large rotary compressor instead of a 
piston. A valve with four apertures was placed in the circuit, with two 
duct connections to the chamber and to the compressor. The speed of 
rotation of the valve was controlled by a belt connected to a motor unit 
so that the rapidity of the pressure cycle could be varied between fifteen 
and thirty times a minute. Four valve apertures made possible inter- 
mittent pressure and suction on a single positive pressure blower. Dur- 
ing the positive cycle one aperture, connected to the compressor, led into 
the chamber; during the negative cycle these apertures were closed, and 
two others opened, one of which led to the chamber and the other to the 
suction side of the blower. A gateway valve in the circuit from the 
compressor controlled the volume of air delivered and therefore the pres- 
sure desired. The heat of the compressor was diminished by a steel 
jacket welded on it in which ice water was circulated. An auxiliary 
chamber contained ice water, and a small pump was employed to main- 
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tain the water in circulation to coils within the pressure chamber as well 
as the jacket on the compressor. In this way the temperature of the 


Fic. 1. Alternating pressure chamber. 


room was kept at approximately 68° to 72° F. winter and summer. (See 
figures 1 and 2.) 


’ The author wishes to acknowledge the engineering help of Colonel Stephen A. Douglass 
in the construction of this chamber. 
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EFFECT OF ALTERNATING PRESSURE ON HUMAN SUBJECTS 


In testing the chamber on normal subjects it was found that apnoea 
could be readily produced with an effort of the will, but continuous arrest 
of breathing was not obtained for long periods. At the end of several 
minutes tie impulse to breathe asserted itself and, after a single respira- 


Fic. 2. Rotary compressor and valve mechanism. 


tion, apnoea could again be maintained. In some instances, the subject 
lost consciousness of all voluntary conscious breathing, but close observa- 
tion generally revealed small chest movements synchronous with the 
cycle of the pressure changes; compression of the chest occurred during 
the positive cycle in most cases and the chest enlarged during the phase 
of negative pressure. In patients with asthma, pulmonary emphysema 
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and fibrosis, more marked expansion of the chest took place regularly 
during the negative cycle. We were unable to reproduce even in normal 
subjects the continuous arrest of chest movement which Enghoff re- 
ported, for example as long as three hours. In patients with advanced 
chronic pulmonary tuberculosis it was discerned that slight chest motion 
occurred consistently and that it manifested itself in expansion of the 
chest in the negative cycle of the chamber and compression in the posi- 
tive cycle. This circumstance suggested that the resistance to entrance 
and exit of air from the alveoli in cases of relative constriction of the 
respiratory passageway was such as to cause a sizable difference in pres- 
sure between the inside and outside of the chest wall. During the posi- 
tive phase a swiftly rising air pressure presumably exerted a compress- 
ing effect on the flexible chest wall before a comparable pressure was 
reflected inward to the alveolar spaces. Conversely, during the pro- 
duction of negative pressure in the chamber, the chest wall expanded, 
since there was a delay in the time interval during which an equal 
negative pressure was established within the lung. It seemed probable 
that similar although less marked differences between the pressure on 
the outer chest wall and that within the lung were present in normal 
subjects. 

In the studies of Thunberg (1) it is stated that a difference in pressure 
probably arises between the air contained in the chamber atmosphere 
and that contained in the lungs, a difference as great as that occurring in 
normal respiration, namely, 2 or 3mm. Hg. Enghoff (2) admitted that 
the small difference in pressure between the chamber air and the air in 
the lung entails another assumption, namely, a slight compression of the 
thoracic walls in the positive phase and a slight expansion in the negative 
phase, and that, to the degree that these changes take place, they count- 
eracted ventilation produced by changes in the air pressure within the 
lungs. For the purpose of resuscitation in paralysis of the respiratory 
musculature following poliomyelitis, these slight changes in lung volume 
may not be significant. The objective of eliminating lung movement in 
patients with pulmonary disease required further study. 

The subjective experience of normal subjects and patients with pul- 
monary tuberculosis exposed to a continuous alternating pressure of + 
55 mm. Hg. was, in most instances, a faintly perceived compression on 
the anterior chest wall during the cycle of positive pressure. In the 
personal experience of the author, long periods of arrested lung movement 
were impossible, despite intermittent practice over a period of four years. 
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The sensation of recurrent chest compression appeared responsible for 
the impulse to take a full inspiration; this did not appear to be adequately 
counteracted by the chest expansion which theoretically took place at 
the onset of the phase of negative pressure. These assumed changes 
were too small to be measured in normal subjects; however, in patients 
with even slight bronchial constriction, compression of the chest in the 
positive phase and expansion during the negative phase was clearly dis- 
cernible. It seemed evident that the tracheobronchial tree of necessity 
interposed a resistance to the passage of air into the alveoli and thus to 
the inner surface of the chest wall; this resulted in a decrease of pulmo- 
nary pressure at the start of each positive cycle, as compared to the pres- 
sure exerted on the outer chest wall. The diameter of the chest was, 
therefore, diminished when the pressure in the chamber was increased. 
The opposite sequence of events took place during the phase of negative 
pressure. The degree of these alterations in chest volume presumably 
varied with the degree of bronchial resistance. However, during com- 
pression of the chest air was entering the lung, and during expansion of 
the chest air /eft the lung, as will be more fully explained later. 


ANIMAL EXPERIMENTS ON THE DIVERGENCE OF PRESSURE APPLIED TO THE 
OUTER CHEST WALL AND THAT PRESENT IN THE LUNG 


Measurements on animals were made in the attempt to elucidate the 
hypothecated divergence between the pressures applied to the lung and 
outer chest wall. 

First experiment: A dog was anaesthetized with nembutal to the point 
of arrested respiration and placed in the barospirator chamber. A 
graphic record was taken of the movements of a water manometer which 
was connected by rubber tubing to an 18 gauge needle. If the pressure 
changes in the chamber, plus and minus 55 mm. Hg. 25 times a minute, 
had been equal on each side of the manometer the record would have been 
a straight line. Due to the lag induced by one end of the manometer 
being connected to a needle, whereas the orifice of the glass water ma- 
nometer was one-fourth inch in diameter, the record shows a pressure of 
—0.7 cm. during the +55 mm. phase, and +0.8 cm. during the —55 mm. 
phase. When the needle was inserted low down in the trachea, the lag 
of needle plus trachea was —1.5 cm. during the +55 mm. phase, and 
+1.3 cm. during the —55 mm. phase. 

In graph 1 the dotted lines reveal the lag induced by the needle at- 
tached to the manometer. The difference between the lag when the 
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needle was in the trachea (solid line) and the lag of the needle represents 
the decreased pressure change in the trachea, as contrasted to the pres- 
sure in the chamber and, therefore, applied to the chest wall of the 
animal. The difference was —0.6 cm. during the positive phase and 
+0.5 cm. in the negative phase. Greater differences would obviously 
be apparent were it possible to obtain pressure readings in the smaller 
bronchi. 

Second experiment: A dog was anaesthetized with nembutal to the point 
of arrest of respiration and placed in the barospirator chamber. The lag 


LAG OF PRESSURE IN TRACHEA OF A DOG IN AN 
ALTERNATING PRESSURE CHAMBER WITH THE PRESSURE 
ALTERNATING BETWEEN +55 AND ~-55 MM MERCURY. 


+55 MM. PHASE -55 MM PHASE 


LAG OF NEEDLE AND 
-0.7CM.HO +0.8CMHO 


LAG OF NEEDLE MANO- _ 
METER AND TRACHEA. 1.5 CM. +13 CM. 


LAG OF TRACHEA -0.8 CM. +05 CM. 


1 


induced by the needle attached to a water manometer was recorded 
graphically, as in the previous experiment, as shown by the dotted line 
in graph 2. The needle was inserted into the pleural cavity and 17 cc. 
of air admitted to form a pocket. The negative pressure, with the dog 
not breathing, was —6.0 cm. of water. This figure must be added to the 
lag induced by the needle of the water manometer and the total sub- 
tracted from the figure obtained during the cycle of the chamber. After 
the pressure change was initiated at +55 and —55 mm. Hg., graphic 
readings were taken with the needle in and out of the pleural cavity of 
the animal. It will be observed that marked differences were found, 
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namely, that the pressure in the pleural cavity during the positive phase 
was 6.3 cm. less than that in the chamber (with the needle lying on the 
anterior chest wall of the animal); during the negative phase, the pres- 
sure was 3.4 cm. higher in the pleural cavity than in the chamber. 

In the latter experiment, there was a greater divergence of pressure 
between the outer and inner chest walls during the cycle of positive 
pressure. In numerous other experiments of similar character, a differ- 
ence between the pressure on the outer chest wall and that found applied 
to the inner chest wall was regularly found, but the apparent greater 


LAG OF PRESSURE IN PLEURAL CAVITY OF A DOG IN AN 
ALTERNATING PRESSURE CHAMBER WITH THE PRESSURE 
ALTERNATING BETWEEN +55 AND -55 MM MERCURY 


+55 PHASE -55 PHASE 


LAG OF NEEDLE AND MANOMETER -O.7CMHO +08CM HO 
PLEURAL PRESSURE (DOG NOT 
BREATHING ) } -60 CM 


LAG OF NEEDLE MMANOMETER 
AND PLEURAL CAVITY. 70 CM +42 CM 


LAG IN PLEURAL CAVITY -63 CM +34 CM. 


Grapu 2 


difference during the positive as contrasted to the negative cycle could 
not be consistently reproduced. 

There are certain differences in the physiological state in the lung 
during the negative and positive cycle of pressure which have received 
theoretical consideration. The air which leaves the lung during the 
negative cycle has been warmed from 68° F. to 100° F. and has been 
saturated with water vapor, which lowers its density and increases its 
velocity at a constant pressure. The decreased gas density decreases 
the factor of bronchial constriction, as shown by studies in which helium 
was mixed with oxygen in the treatment of respiratory obstruction (4). 
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On the other hand, warming the air increases its volume, which creates 
a situation of more air leaving the lungs in the negative cycle than enters 
it in the positive cycle, in terms of volume, which counteracts the de- 
crease in its density. An additional factor which needs clarification is 
the influence of the force of the elastic recoil of the lung, measured by the 
negative intrapleural pressure at the end of a quiet expiration. It may 
also be questioned whether the swift lowering of the barometric pressure 
during the negative cycle produces a sudden decrease in peripheral re- 
sistance and enlargement of the diameter of the bronchi. 

The question as to whether greater differences between the pressures 
exerted on the inner and outer surface of the chest wall exist during the 
positive phase than in the negative phase, their extent and the mechanism 
involved, must be left to further investigation. At this point in our 
argument, it must suffice that a higher pressure has been demonstrated 
on the outer chest wall than that which is applied to the inner surface 
of the chest at the start of the positive cycle, and that a reverse influence 
takes place in the negative cycle. This effect is present in dogs with an 
intact lumen of the tracheobronchial tree. 

Much more marked changes in pressure may be demonstrated when 
resistance to the passage of air is increased by respiratory obstruction. 


Thus, when a one-eighth inch orifice was interposed in the trachea of an 
anaesthetized dog, the discrepancy in the pressures exerted on the chest 
wall and that found in the intrapleural space was substantially greater 
than was observed in experiments in which the normal lumen of the 
trachea was kept intact. 


MAINTENANCE OF RESPIRATORY FUNCTION BY ALTERNATING PRESSURE 
RESPIRATION IN ANAESTHETIZED ANIMALS AFTER CESSATION OF 
SPONTANEOUS BREATHING 


The efficiency of the barospirator in maintaining respiratory function 
was tested in dogs in whom arrest of spontaneous breathing had been 
produced by profound nembutal anaesthesia. The test was severe 
inasmuch as a dose of nembutal sufficient to stop all voluntary attempts 
to breathe has also harmful effects on the circulatory system. In some 
discarded experiments the dog’s heart stopped following an additional 
injection of nembutal. In addition to measurement of the blood gases, 
observations were made on the venous pressure, pulse and respiratory 
rates. The data of 7 dog experiments are summarized in table 1. The 
procedure was the intraperitoneal injection of an anaesthetic dose of 


TABLE 1 


Effect of barospirator on blood gases, venous pressure, pulse and respiratory rates in dogs after 
respiratory arrest had been produced by nembutal anaesthesia 


TIME OF OBSERVATION 


EXPERIMENT 
NUMBER 


ATE 


RESPIRATORY 
RATE 


ARTERIAL BLOOD GAS 


Thirty minutes 
after anaesthesia, 
in room air 


One hour after 
anaesthesia in 
chamber 

Four hours after 
anaesthesia in 
chamber 

Five and one half 
hours after an- 
aesthesia in 
chamber 


O: 
capac- 
ity 


COs 
con- 
tent 


O: satu- 
ration 


vol. 
per 
cent 


vol, 
per 
cent 


19.25 


per cent 


58.5 


PRESSURE 


3 VENOUS 


wm 


REMARKS 


Dog’s weight = 11.2 kilos. 
Initial dose of nembutal 
was 0.4 gm. One hour 
later 0.15 mg. given 

No spontaneous breathing 


One breath every two 
minutes 


Occasional breath 


Fifty minutes after 
anaesthesia, in 
room air 


One and one third 
hours after ar- 
rest of respira- 
tion in chamber 

Two and one third 
hours after ar- 
rest of respira- 
tion in chamber 


Weight of dog 13 kilos. 
Initial dose of nembutal 
0.45 gm. One hour 
later dog was given 0.3 
gm. of nembutal 


Dog connected to spi- 
rometer containing 100 
per cent oxygen 


Fifteen minutes 
after anaesthesia, 
in room air 


One and one third 
hours after ar- 
rest of respira- 
tion in chamber 

Three and one third 
hours after ar- 
rest of respira- 
tion in chamber 


Dog’s weight 20 kilos. 
Initial dose nembutal 
1.0 gm. One hour la- 
ter 1.0 gm. nembutal 
given again 


Occasional spontaneous 
respiration 


* Saturation of blood calculated on basis of oxygen capacity of control blood; calculated 
figure therefore only approximate. 

¢ Blood taken during inhalation of 100 per cent oxygen. 

¢ Taken five minutes after alternating pressure was stopped. 

§ Venous pressure inaccurate because of air bubbles in manometer tubing. 
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TABLE 1—Continued 


NUMBER 


EXPERIMENT 


TIME OF OBSERVATION 


Fifteen minutes 
after anaesthesia, 
in room air 


One hour after ar- 
rest of respira- 
tion in chamber 

Five and one half 
hours after ar- 
rest of respira- 
tion 


| PULSE RATE 


ARTERIAL BLOOD GAS 


Oz: | 
- | capac-| con- 
ity | tent ration 
vol. | vol. 
per | per 
cent | cent 


per cent 


Os satu- 


PRESSURE . 


VENOUS 


w 


Dog’s weight 20 kilos.; 1.0 
gm. initial dose of nem- 
butal. One hour later 
0.4 gm. given intra- 
venously 

Gold vane leaf placed in 
trachea showed swing 
with pressure change 

Chest immobile 


Forty minutes 
after anaesthesia 
in air 

Two hours after 
respiratory de- 
pression, in 
chamber one half 
hour 

Two hours in 
chamber. Res- 
piration arrested 

Three hours in 
chamber. Res- 
piration arrested 

Four hours in 
chamber. Res- 
piration arrested 

Five and one half 
hours in cham- 
ber. Respiration 
starting 


Dog’s weight 21 kg. In- 
itial dose nembutal 
0.735 gm. 

Morphine in divided doses; 
total given 0.05 gm. 


Total of 0.11 gm. mor- 
phine given at this 
point 


Forty minutes 
after anaesthesia, 
in room air 

One hour after re- 
spiratory arrest 
in chamber 

Two and one half 
hours after re- 
spiratory arrest 
in chamber 


Dog’s weight 12.6 kilos. 
Initial dose of nembutal 
0.378 gm. 

Curare 62.5 mg. given 


intravenously. Chest 
fixed in expiration 

Pressure cycle increased 
to 35 per minute 


| 
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TABLE 1—Concluded 


ARTERIAL BLOOD GAS 


TIME OF OBSERVATION 


RATE 
PRESSURE 


| Oz satu- 
ration 


EXPERIMENT 
NUMBER 
PULSE RATE 
RESPIRATORY 
VENOUS 


per cent 


Five hours after , 83.3 Oxygen given by catheter 
respiratory ar- in trachea, 8 litres per 
rest in chamber minute for twenty min- 

utes. Blood taken one 

half hour later 

Six and one half 250 cc. normal saline 
hours after re- intraperitoneally one 
spiratory arrest hour previous to test. 
in chamber Dog’s heart stopped 

three minutes after re- 

moval from chamber 


One and one half Dog’s weight i5 kilos. 
hours after an- Initial dose nembutal 
aesthesia was be- 0.7 gm. 
gun; in chamber 

Six hours after re- Received 0.27 gm. nem- 
spiratory depres- butal and 600 cc. 5 
sion began in per cent glucose intra- 
chamber venously in six hour 

period 


nembutal followed by tracheotomy. The latter procedure was carried 
out to prevent the dog’s tongue from falling into the glottis and thus 
partially obstructing respiration. Succeeding injections of nembutal 
were given until profound respiratory depression had commenced, as 
evidenced by fall in the respiratory rate to between two and six times a 
minute. The first blood test was taken at varying periods following an- 
aesthesia, generally after considerable slowing of breathing had taken 
place. The animal was then placed in the chamber, with an alternating 
pressure of between 55 and 60 mm. Hg. (+ and —), and a cycle of twenty- 
five times a minute, unless otherwise specified in the accompanying table. 
The second blood test was taken at variable intervals after complete 
respiratory arrest had been observed. In experiment number 6, curare 
was also used. 

Inspection of the results recorded in table 1 shows that life is main- 
tained from two to seven hours after arrest of voluntary breathing has 
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been produced. The pulse rate varied from a quite rapid to an unusu- 
ally slow rate, as low as 55 per minute, probably due in part to direct 
toxic effects on the heart muscle as well as variable degrees of asphyxia. 
In three experiments (nos. 1, 3 and 5), moderately severe arterial anoxae- 
mia persisted throughout the test. In the experiment with curare, no. 6, 
the chest was fixed in expiration and the arterial oxygen saturation was 
extremely low, 15 to 18 per cent. However, when a catheter was intro- 
duced to the bifurcation of the trachea and 8 litres of oxygen per minute 
were administered, the cyanosis cleared, and arterial blood drawn one- 
half hour later showed a saturation of 83.5 per cent. It seemed evident 
that the apparatus was unable to remove anoxaemia produced by curare. 
On the other hand, in experiments 2 and 4, the arterial oxygen saturation 
was 94 per cent, one hour after arrest of respiration had been produced 
with nembutal, and in experiment 7, the arterial oxygen saturation was 
91 per cent, six hours after arrest of respiration had been produced with 
nembutal.* In this case, the arterial carbon dioxide content remained 
stationary at 43.4 volumes percent. In the other cases in which a moder- 
ately severe anoxaemia persisted in the chamber, a rise in carbon dioxide 
content of the arterial blood took place of between 5 and 10 volumes 
per cent. The decreased oxygen saturation and the increased carbon 
dioxide content of the arterial blood indicated that in at least half the ex- 
periments there was insufficient ventilation to maintain a normal respira- 
tory gas exchange. The venous pressure in experiments 1, 2 and 4, 
in which accurate observations were possible, showed a slight fall of be- 
tween 10 and 20 mm. of water, apparently induced by pressure respira- 
tion in the barospirator. 

A slight fall in venous pressure in 6 of 9 human subjects was also 
observed after apnoea was produced in the barospirator, as seen in table 
2. The decrease, between 5 and 20 mm. of water, is so slight that no 
definite significance can be accorded to the finding at this time. In five 
observations of the circulation time no consistent variation before and 
during exposure to alternating pressure respiration was found. (See 
table 3.) 

The variations of venous pressure induced by the shift from the positive 
to the negative phase of the cycle were found to be extremely slight. 


4 Unfortunately, in experiment 2, the oxygen saturation after arrest of respiration in the 
alternating pressure chamber was calculated by assuming the same oxygen capacity of the 
control period. Admittedly, this is not an accurate figure but it was believed that only a 
small change would have taken place during a period of one and one-third hours. 
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Thus, in the femoral vein of a dog, in whom respiratory arrest had been 
produced by nembutal and in whom lung function was maintained by an 
alternating pressure of +55 mm. Hg. twenty-five times a minute, the 
venous pressure was 19.0 mm. water at the end of the negative pressure 
cycle and rose to 19.5 mm. water at the middle of the positive pressure 
cycle. This oscillation of venous pressure was consistently found but is 


TABLE 2 
Venous pressure in human subjects during normal and alternating pressure respiration 


VENOUS PRESSURE 


REMARKS 
Control Pressure Second control 


63 58 Normal 
105 80 100 Normal 
80 74 78 Normal 
88 73 90 Normal 
72 42 67 Chronic pulmonary tuberculosis 
120 120 Normal 
85 66 Chronic pulmonary tuberculosis 
58 75 50 Normal 
112 112 108 Normal 


TABLE 3 
Circulation time in human subjects during normal and alternating pressure respiration 


CIRCULATION TIME 


Control REMARES 


Normal 
breathing 
seconds seconds 
19.1 19.3 Chronic pulmonary tuberculosis 
16.2 19.2 Normal 
16.0 13.6 Chronic pulmonary tuberculosis 
16.5 47.5 Normal 
14.8 14.6 Normal 


Pressure 
respiration 


extremely small and of no clinical significance. The slight rise may per- 
haps be explained as a reaction to the transient rise of pressure in the 
lung. In the same animal, in normal respiration under deep anaesthesia, 
the venous pressure in the jugular vein rose from 22.5 mm. water at the 
end of expiration to 23.5 mm. water at the start of inspiration. In 
most instances the cyclic oscillations induced by pressure respiration are 
about one-half those found in normal (or volume) respiration, during 
entrance and exit of air from the lungs. 
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THE DEVELOPMENT OF AN EQUALIZING ALTERNATING PRESSURE CHAMBER 


From the studies described above, it was evident that the use of alter- 
nating pressure did not continuously arrest movement of the chest, 
especially when the normal tracheobronchial resistance was increased 
through disease or by experiment. Graphic recording of the pressures in 
the trachea and intrapleural cavity of dogs showed a greater rise and fall 
of pressure applied to the chest wall than that which was transmitted to 
inner surface of the chest. In dogs in whom respiratory arrest had been 
produced with toxic doses of nembutal, lung function in respect to 
exchange of blood gases was satisfactorily maintained in less than half 
the cases. Although cardiac failure and consequent passive pulmonary 
congestion was produced by large doses of nembutal, the results obtained 
did not seem as satisfactory as desired. 

Ultimately, it became evident that a delay in application of pressure 
to the chest wall was necessary to equalize the resistance of the tracheo- 
bronchial tree, in normal subjects and especially in patients with pul- 
monary disease. This was first accomplished by the construction of a 
wooden box which enclosed the chest and body of the patient, the head 
protruding through a sponge rubber collar. A number of small holes in 
the middle of the box served as entrance and exit of the air to be applied 
to the chest wall and abdomen. A retarded delivery of air pressure to 
the outer chest wall could now be regulated by varying the diameter of 
the holes in the box. A pressure difference between that applied to the 
chest wall and that admitted into the lung was set up which aimed to 
counteract the resistance of the tracheobronchial tree. This was meas- 
ured by the insertion of one arm of a water manometer within the in- 
ner box, near the chest, and the other arm in the outer chamber, near 
the head. 

At the start of the positive cycle, the arm of the water manometer in 
the outer chamber was depressed, as the increase in air pressure within 
the box was retarded by the artificially induced constriction; before the 
positive phase was completed, the arms of the water manometer became 
level, indicating that pressure within and outside the box had become 
equal early in the positive phase. During the negative phase, the arm 
of the manometer outside the box was elevated in the early phase of the 
cycle, since the negative pressure was now retarded on the outer chest 
wall. Thus, in each phase the application of pressure was delayed at the 
start of the cycle until an approximately equal pressure had been built up 
within the lung; furthermore, the duration of the equalizing pressure was 
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limited to the earliest phase of the cycle, as shown by levelling off of the 
water manometer. 

The extent of the differential pressure required to effect continuous 
arrest of lung movement was determined first by the subjective reaction 
of the subject or patient. In most instances, a pressure of 6 cm. of water 
higher in the outer chamber than within the box was maintained during 
the positive cycle. During the negative cycle, the pressure within the 
box was 5 cm. water higher inside the box. The smaller difference during 
the negative phase may be accounted for by a greater movement inwards 
of the walls of the box during the phase of compression. 

At this differential pressure, normal subjects and patients were able to 
arrest all voluntary movement of the muscles of respiration for periods 
as long as three hours. Subjectively, the patients felt comfortable and 
were free from the sensation of recurrent chest compression experienced 
without the equalizing inner box. 

The equalizing pressure empirically determined as 6 cm. in the positive 
phase may be compared to the lag in the intrapleural cavity of the dog 
which was found to be 6.3 cm. of water. The constricting effect of the 
inner box appeared to counteract approximately the resistance imposed 
by the tracheobronchial tree. These differential pressures may be mod- 
ified in individual cases. In our experience, pressure differences higher 
than 6 cm. of water may initiate slight chest expansion during the posi- 
tive phase, éspecially if breathing is not stopped at the end of expiration; 
frequently pressures of 5 cm. accomplish the purpose as well as 6 cm. 
Pressure differences lower than 4 cm. generally are less comfortable and 
often allow the sensation of recurrent chest compression with the corre- 
sponding impulse to breathe. 


OBSERVATIONS OF PATIENTS IN THE EQUALIZING PRESSURE CHAMBER WITH 
MOTION PICTURES, FLUOROSCOPY AND ROENTGENOGRAMS 


Inspection of patients with pulmonary tuberculosis who have sus- 
pended voluntary respiration in the equalizing chamber generally reveals 
no movements of the costal musculature. At times, minimal changes 
of the chest surface are-seen. The abdomen shows a variable amount of 
compression during the phase of positive pressure, and expansion during 
the phase of negative pressure. Motion pictures on 5 patients have con- 
firmed these observations. Without equalizing pressure, however, slight 
changes in chest volume can be discerned, namely, compression in the 
positive phase and expansion in the negative phase. In the presence of 
equalizing pressure, these slight chest movements are seen to disappear. 


X-RAY PICTURES OF RIBS AND DIAPHRAGM((I)-IN NORMAL 

OUIET RESPIRATION, (2) IN ALTERNATING PRESSURE RESPIRATOR, 

(3) IN EQUALIZING ALTERNATING PRESSURE RESPIRATOR, AND, 
(4) IN NORMAL FULL 


NORMAL QUIET RESPIRATION . TWO 
EXPOSURES .NOTE BLURRING OF 
RIB MARGINS AND DIAPHRAGM. 


ALTERNATING PRESSURE RESPIRA- 
TION. EXPOSED AT PEAK OF THE 


NEGATIVE AND THE POSITIVE PHASE. 


NOTE THE DOUBLE MARGIN OF THE 
DIAPHRAGM, 


EQUALIZING ALTERNATING PRESSURE. 


EXPOSURE AT PEAK OF NEGATIVE 
AND POSITIVE PHASE. NOTE THE 


ABSENCE OF DIAPHRAGMATIC MOVE- 
MENT. 


INSPIRATION AND EXPIRATION. 


FULL INSPIRATION AND EXPIRATION 
ON CONTROL SUBJECT.NOTE THE 


DIFFERENCES IN THE RIB AND THE 
DIAPHRAGMATIC EXCURSION. 
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During’ fluoroscopy of the diaphragm in normal breathing, the dia- 
phragmatic excursion was plainly visible. When equalizing alternating 
pressure was employed, no diaphragmatic excursion was discernible.® 
It appeared likely that the movement of the abdomen was due to alter- 
nate compression and expansion of gas within the abdomen, and that 
pressure applied to the abdomen was counteracted by pressure on the 
upper surface of the diaphragm. Equalizing pressure served the same 
purpose on the abdomen as it did on the outer chest wall, that is, pre- 
vented an undue pressure on the under surface of the diaphragm as 
compared to the intrathoracic diaphragmatic surface. 

Confirmation of these findings was attempted by taking X-ray pictures 
of the chest and diaphragm during normal respiration and alternating 
pressure with and without the equalizing chamber. Two exposures were 
taken on the same plate when the patient pursued voluntary breathing. 
This picture showed a shift in the level of the diaphragm and rib margins. 
(See X-ray picture no. 1.) When alternating pressure was used, a slight 
blurring of the diaphragm was seen, when one exposure was taken at the 
end of the positive phase and another exposure at the end of the negative 
phase. (See X-ray picture no. 2.) However, exposures taken on the 
same plate during the positive and negative cycle in the presence of 
equalizing positive pressure revealed a clear-cut diaphragmatic line as 
well as a single shadow of the rib margins. (See X-ray picture no. 3.) 
This experiment was repeated on two sets of films with similar results.® 

Interpretation of these findings bears out the clinical observation that 
alternating pressure respiration conducted in an equalizing chamber may 
be accomplished without discernible movement of the chest or diaphragm. 
It may well be that minimal excursions of the lung are present but they 
appear to be of such magnitude as not to be discerned, for the most part, 
by the methods of study above mentioned. 


MAINTENANCE OF RESPIRATORY FUNCTION IN ANAESTHETIZED ANIMALS 
AFTER CESSATION OF VOLUNTARY BREATHING, WITH THE USE OF 
AN EQUALIZING ALTERNATING PRESSURE CHAMBER 


The efficiency of the equalizing chamber was now tested in respect to 
its capacity of maintaining pulmonary function in animals with respira- 
tory paralysis. The method of nembutal anaesthesia was used, and it 


5 The author is indebted to Dr. Murray Friedman of the Department of Roentgenology, 
Presbyterian Hospital, for these observations. 

6 The author is indebted to Dr. Paul Swenson of the Department of Roentgenology, 
Presbyterian Hospital, for taking and interpreting these pictures, and for the outlines used 
in the pictures. 


IMMOBILIZATION OF LUNGS THROUGH PRESSURE 605 


will be remembered that circulatory insufficiency occurs as an end effect 
in most dogs, as evidenced by pulmonary congestion. It is pertinent at 
this point of our investigation to consider what the value of eliminating 
chest movement is from the standpoint of ventilatory efficiency, apart 
from our primary objective of abolishing excursion of the lungs. 

It will be remembered that it was briefly stated in the early part of the 
paper that air enters the lung during the period of chest compression, 
during the phase of positive pressure. The theoretical basis for this 
belief may now be inspected. Let us consider that the atmospheric 
pressure at the start of an experiment is 760 mm. Hg. The pressure 
swing is +55 mm. Hg. At the height of the positive phase the pressure 
advances to 815 mm. Hg., and decreases to 705 mm. Hg. in the negative 
phase. Without the equalizing chamber, there is a difference in the 
pressure between the inner and outer walls of the chest, the degree vary- 
ing with the extent of bronchial constriction. Thus, when the pressure 
in the positive phase is elevated to 815 mm. Hg. in the outer chamber, 
and therefore, on the chest wall, there is a delay in the development of a 
comparable pressure within the lung; the pressure early in the early phase 
being smaller in the lung. Asa result, there is a compression of the chest. 
At the same time, however, the increased pressure in the outer air forces 
air into the lung, since the pressure inside the lung is lower than in the 
outer atmosphere. Compression of the air as a result of increased 
pressure of itself causes an increased number of molecules of oxygen and 
nitrogen to enter the lung. 

When the shift to the negative phase takes place, there is a swift re- 
duction of pressure to 705 mm. Hg. in the outer atmosphere; a relatively 
higher pressure is now present in the lung, since there is a delay in the 
reduction of this pressure in the lung due to bronchial resistance. The 
air in the lung (under higher pressure) tends to move outward to a point 
of lower pressure. The decreasing pressure of the atmosphere itself re- 
sults in a passage of gas outward. Since the pressure applied to the chest 
wall is at first lower than that in the lung, the chest wall necessarily 
expands as air is leaving it. 

The situation is thus radically different from that present in ordinary 
breathing, when an increase in volume of the lung is associated with an 
entrance of air into the alveoli. The equalizing chamber prevents the 
chest compression of the positive phase, and, if the differential pressure 
is sufficiently advanced, may engineer an actual expansion of the chest, 
as may be seen in animal experiments. 
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The first two experiments on dogs, performed in a technique similar 
to those reported in table 1, indicated efficient pulmonary ventilation. 
Arrest of respiration was accomplished by nembutal anaesthesia and 
blood gas determinations were recorded after periods of five and six hours. 
It will be seen that in both animals the arterial oxygen saturation was 
consistently above 90 per cent. Furthermore, the carbon dioxide content 


TABLE 4 


Effect of equalizing alternating pressure chamber on blood gases in dogs with respiratory arrest 
produced by nembutal anaesthesia 


RE ARTERIAL BLOOD GASES 


TIME OF OBSERVATION poy REMARKS 
Orca- |Oz:satu-| CO: 


O: 
RATE ‘content pacity | ration jcontent 


EXPERIMENT 
NUMBER 


per cent 
One hour after an- 5.4 | 14.0 | 44.5 | 47.6 | Initial dose nembutal 
aesthesia 0.5 gm. and 250 cc. 
Ringer’s solution 
Five hours after re- : 12.9 | 91.5 | 39.4 | Differential pressure 5 
spiratory depression cm. water 
began in chamber 


One and three fourths .O | Initial dose nembutal 
hours after anaes- 0.5 gm. Later 
thesia in air given 0.5 gm. in 

addition 

Two and one half hours ; : ; .2 | 5 cm. water differen- 
after respiratory de- tial pressure 
pression in chamber 

Four hours after re- 7 : ‘ .4 | 250 cc. Ringer’s solu- 
spiratory depression tion intravenously 
began in chamber 

Six and one half hours ‘ : s .0 | Pulse 64 at end of test 
after respiratory de- 
pression began in 
chamber 


of arterial blood was lowered from 47.6 vol. per cent to 39.4 vol. per cent 
in the first experiment and from 56.0 to 53.0 vol. per cent in the second. 
Satisfactory exchange of blood gases was thus accomplished when the 
dogs were kept for long periods in the double alternating pressure cham- 
ber, indicating adequate pulmonary ventilation. The lowering of the 
arterial carbon dioxide content suggested slight hyperventilation of the 
alveoli. (See table 4.) 
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To determine whether the equalizing chamber was capable of a higher 
order of ventilatory efficiency than alternating pressure alone, it seemed 
desirable to repeat the experiments, using each procedure alternately on 
the same animal. This eliminated unusual behavior of an individual 
dog, and controlled undue susceptibility to nembutal. 

The results of equalizing pressure seemed superior to those obtained 
with alternating pressure alone, under similar circumstances, as seen in 
table 5. In order to test the efficiency of alternating pressure respiration 
with and without equalizing pressure, it was attempted to maintain the 
same degree of respiratory paralysis by nembutal anaesthesia as the 
same animal exposed to each procedure alternately. Even this method 
is not always reliable to test the point at issue because cardiac failure 
may suddenly supervene in one or the other period. At the end of the 
experiment, pulmonary congestion generally increases progressively and 
interferes with full saturation of the arterial blood, partly through im- 
paired diffusion through alveolar walls and partly through maldistribu- 
tion of air which occurs under these circumstances. Nevertheless, 
observations detailed in table 5 point to a more efficient ventilation with 
equalizing positive pressure, especially in the presence of complete re- 
spiratory paralysis and circulatory insufficiency. In experiment number 
1, six hours after nembutal anaesthesia, the arterial oxygen saturation 
was 93.5 per cent when equalizing pressure was used; it fell to 41.1 per 
cent when alternating pressure alone was used, and was restored to 77.1 
per cent when equalizing pressure was added for forty-five minutes. In 
experiment number 2, the arterial oxygen saturation rose from 38.5 per 
cent during alternating positive pressure to 100 per cent when equalizing 
pressure was added; this was accompanied by a fall in arterial carbon 
dioxide from 62.2 to 53.6 vol. per cent. The arterial oxygen saturation 
then remained elevated when equalizing pressure was withdrawn for one 
hour although the carbon dioxide content rose to 58.0 vol. per cent, 
declining again to 53.6 vol. per cent when equalizing pressure was added. 
In experiment number 3, when the animal took five voluntary respirations 
a minute and when circulatory failure was less evident, no differences 
were observed between the two procedures. However, with complete 
respiratory arrest and circulatory embarrassment, as shown by passive 
pulmonary congestion at autopsy, the arterial oxygen saturation during 
period of alternating pressure alone was: 71 per cent, 55 per cent and 77 
per cent. When equalizing pressure was added, the arterial oxygen 
saturation in the alternate periods was: 90 per cent, 93 per cent and 92 
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TABLE 5 


Effect of single and double alternating pressure on blood gases of dog with respiratory arrest 
produced by nembutal anaesthesia 


TIME OF OPERATION 


Two hours after 
nembutal anaes- 
thesia, at 10:00 


RESPIRATORY 
RATE 


| PULSE RATE 


ARTERIAL BLOOD GASES 


Oxygen 
content 


Oxygen 
satu- 
ration 


CO: 
content 


vol. per 
cent 


10.7 


ber cent 
91.1 


vol. per 
cent 


42.4 


Dog weighed 16 kilos. 
Given 35 mg. per kilo 
and two hours later at 
time of second dose of 
150 mg. nembutal, blood 
was drawn 

Dog exposed to alternating 

pressure, +55 mg. 

Alternating pressure plus 
a differential equalizing 
pressure of +5 cm. at 
the head 

Alternating pressure -+55 
mg. 

Alternating pressure plus 
equalizing pressure of 5 
cm. water. Nembutal, 
360 mg. had been given 
in divided doses in ad- 
dition to dose at onset 


Three hours after 
nembutal anaes- 
thesia, at 11:30 
a.m. 


2:55 p.m. 


3:50 p.m. 


Dog weighed 25 kilos. 
Given 60 mg. per kilo 
intraperitoneally, in 3 
doses in one hour. In 
alternating pressure, +55 
mg., for one and one 
half hours when blood 
was withdrawn 

In alternating pressure 

plus 5 to 6 cm. equalizing 

pressure for one hour and 
ten minutes 

alternating pressure 
without equalizing pres- 
sure, for one hour 

Equalizing pressure added 
for fifty minutes 


In 


Three hours after 
nembutal anaes- 
thesia, at 11:00 
a.m. 


Dog weighed 21 kilos; 85 
mg. per kilo administered 
intraperitoneally in 3 
doses in three hours. 
Pressure +55 mm. Hg. 


ag 
REMARKS 
wl 
am. | 
11:00 a.m. 8 " 10.8 | 11.25] 96.0 | 42.5 
2:00 p.m. | 2} 88| 12.3 | 13.15| 93.5 | 47.9 
4:00 p.m. ssi 7.3 | 15.7 | 41.1 | 52.7 
4:45 p.m. o| 12.1 | 15.7 | 77.1 | 52.6 
2 a 0} 98| 6.95 = 38.5 | 62.2 
1:45 p.m. 92| 16.0 | 15.6 |100+ | 53.6 
P| 0} — | 14.8 | 15.55] 95.2 | 58.0 
a o| .74| 14.8 | 15.45] 95.8 | 53.6 
3 = | 132| 17.05] 18.15] 94.0 | 47.6 
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TABLE 5—Concluded 


| | | ARTERIAL BLOOD GASES 
TIME OF OPERATION B Oxygen | CO: REMARKS 
| jcontent ity ration 
| | | per cent | 
3 | 12:30 a.m. | 5) 120) 18.55] 19.15) 96.9 | 46.4 | With equalizing pressure of 
| | 5 cm. 

2:00 p.m. 5 120 17.8 eset 95.0 | 45.2 | Without equalizing pres- 
| | | sure. Nembutal 17 mg. 
| | per kilo 

3:50 p.m. 5] 115) 16.45 18.85) 87.3 45.3 | With equalizing pressure of 
eg 5 cm. Nembutal 5 mg. 


| | | | per kilo 


4 | Two hours after | 1) 166) 13.25) 18.50) 71.6 | 51.3 | Dog weighed 17 kilos; 50 
nembutal anaes- | | | mg. per kilo administered 
thesia, at 10:30 | | | | in 2 doses in two hours. 


| a.m. | | | | Pressure +55 mm. Hg. 

| 1:15 p.m. | 0} 120) 17.45) 19.35) 90.2 | 51.3 | With equalizing pressure 

| | | | | 5cm. Nembutal 20 mg. 

| | per kilo 

| 3:00 p.m. | 0} 120) 13.20) 24.00} 55.0 | 55.6 | Without equalizing pressure 
4:20 p.m. | 1] 135! 20.3 | 21.75) 93.4 | 49.8 | With equalizing pressure, 

| | | | | Scm. 

| 5:26 p.m. | 1) 110 18.4 | 23.8 | 77.4 | 53.9 | Without equalizing pressure 

| 6:20 p.m. | 1 130) a1 .2 | 22.85 92.8 | 49.6 | With equalizing pressure, 

| | | 5 cm. 


per cent. The arterial carbon dioxide content during alternating pres- 
sure alone was: 51.3, 55.6 and 53.9 vol. per cent. When equalizing 
pressure was added, the readings were: 51.3, 49.8 and 49.6 vol. per cent. 
It seems evident, therefore, that in the presence of experimental respira- 
tory paralysis and circulatory insufficiency, a more efficient ventilation 
of the lungs takes place in respect to exchange of blood gases when an 
equalizing chamber is employed than when alternating pressure is used 
alone. 

The effect on the ear drum of the oscillating pressure is similar to swift 
ascent and descent from high altitudes. The drum changes its position 
slightly twenty-five times a minute in each direction. The sensation is 
uncomfortable at first but experience on patients has indicated that all 
of them became accustomed to it and felt no discomfort after the first day 
or two. To avoid the feeling of pressure change the ears may be con- 
nected to the outside air by placing the earpieces of a stethoscope into 
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Fic. 3 (upper). Equalizing alternating pressure chamber. A: chamber. B: equalizing 
pressure control valve. C: motor for compressor. D: compressor. E: by-pass valve for 
regulating depth of pressure. F: four-way valve; one revolution gives rise to two cycles. 
G: stand for supporting reducing gear which rotates the four-way valve. H: handle for 
regulating the speed of rotation of the four-way valve. J: wheel for raising or lowering 
the head end of the chamber. K: silencer. 

Fic. 4 (lower). Photoelectric cell mechanism. A: switches for lights, radio and speaker 
system. B: starting switch for compressor motor. C: switch for starting reducing gear for 
rotating four-way valve and for turning on the photoelectric pressure safety system. D: 
magnetic switch. E: photoelectric cell relay. F: light source. G: mercury manometer for 
interrupting light beam when pressure goes too high or too low. H: photoelectric tube. 
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the ears and delivering the connecting rubber tubing to an opening into 
the room in which the chamber is placed. 


A TRANSPORTABLE EQUALIZING PRESSURE CHAMBER 


The room which contained the equalizing chamber was sufficiently 
large to allow the investigator to make the observations noted above. 
The maintenance of an alternating pressure of + 55 mm. Hg. twenty-five 
times a minute in a room of this size required an appartus of considerable 
weight, namely, 7,000 pounds. In order to make the procedure more 
practical, a transportable chamber has been made which may be moved 
into a room without difficulty. A head piece has been added to the 
equalizing box, and a movable partition between the head and body of 
the patient. Air is pumped into the head portion first, and, through a 
by-pass, into the body part of the chamber. (See figures 3 and 4.) The 
differential pressure can be regulated by a gauge in the circuit of the by- 
pass. The degree of pressure is shown by a mercury manometer, with 
connections in the head and chest compartments. A photoelectric cell 
is focussed just above at the 55 mm. Hg. mark with electrical connection 
to the compressor. If for any reason the pressure does not maintain 
itself at the desired level, the photoelectric cell is activated and the motor 


is turned off. A telephone in the chamber allows the patient to communi- 
cate with the attendant. Cooling is accomplished by brine or water 
circulating in pipes at the bottom of the chamber. More detailed spec- 
ifications of the construction of this apparatus will be published later. 


SUMMARY 


The principle of “pressure respiration” instead of volume or normal 
respiration was made use of in this investigation; as originally shown by 
Thunberg, an adequate pulmonary ventilation could be maintained in 
patients with respiratory paralysis by enclosing them in a leak-tight box 
in which a pressure change of one-sixth of an atmosphere was produced 
twenty-five times a minute. 

A small room was first constructed which could accommodate a patient, 
doctor and nurse. An alternating pressure of 55 mm. Hg. above and 
below atmospheric pressure twenty-five times a minute was accomplished 
by means of a rotary air compressor, a special rotating valve mechanism 
and a cooling system. When patients with chronic pulmonary disease 
resided in this room, voluntary suppression of breathing was possible 
for short periods only, since a recurrent impulse to inhale took place. 
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Furthermore, slight chest movement was observed synchronous with the 
change in pressure; thus, at the start of the positive cycle, chest com- 
pression took place, and, at the start of the negative cycle, chest ex- 
pansion. Experiments on animals showed that there was a measurable 
delay in the arrival of the pressure change to the intrapleural space, as 
compared to the application of pressure to the outer chest wall; this was 
due mainly to the resistance interposed by the tracheobronchial tree. 
The pressure at the beginning of the positive phase being greater on the 
outer than on the inner surface of the chest wall resulted in a slight com- 
pression of the flexible thorax; the slightly higher pressure found in the 
intrapleural space at the start of the negative cycle resulted in expansion 
of the thorax. 

Since the purpose of this investigation was continuous arrest of lung 
movement, an attempt was made to overcome the effect of tracheobron- 
chial resistance by placing the body of the patient within a box in the 
pressure chamber, the head protruding through a rubber collar. By 
drilling holes into the middle of the box, the application of the positive 
and negative pressures to the chest wall and abdomen could be retarded 
until an adequate compensable pressure was built up in the lung, on the 
inner surface of the chest wall and on the upper surface of the diaphragm. 
A pressure difference was therefore created between that applied to the 
nose and mouth and that exerted on the chest wall and abdomen at the 
start of each cycle. When the pressure within the box was 5 to 6 cm. of 
water lower at the start of the positive cycle and 4 to 5 cm. higher at the 
start of the negative cycle than the pressures applied to the head, con- 
tinuous arrest of voluntary respiration took place and no changes in 
chest volume were discerned. Roentgenographic and fluoroscopic 
observation of rib margins and diaphragm at the height of the posi- 
tive and negative cycles revealed no discernible lung movement. 

Animal experiments in which respiratory paralysis had been induced 
with nembutal anaesthesia, showed that the equalizing alternating pres- 
sure chamber was more effective in maintaining adequate respiratory 
function than pressure respiration alone, as demonstrated by changes in 
the oxygen saturation. and the carbon dioxide content of the arterial 
blood. 

A transportable equalizing chamber was developed later, in which a 
partition between the head and body of the patient allowed pressure to 
be distributed separately to the nose and mouth, and to the chest and 
abdomen. By means of a water manometer on each side of the partition, 
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the degree of equalizing pressure required for arrest of chest movement 
was readily determined. A small rotary compressor and valve were 
slung in the undercarriage beneath the chamber. 

The use of an equalizing alternating pressure chamber has been found 
to be a practicable procedure in 5 patients with advanced pulmonary 
tuberculosis. The average duration of residence in the chamber was 
twelve hours each day for a total period of three and one-half months. 
By equalizing the pressure on the outer and inner walls of the thorax, 
excursion of the chest wall was abolished as well as change in the position 
of the diaphragm. It may therefore be concluded either that cessation 
of lung movement was accomplished in the presence of an adequate pul- 
monary ventilation, or that movement of the lung was of minimal degree, 
compared to that of normal respiration, which is dependent on a primary 
change in the volume of the lungs. 
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MONALDI’S SUCTION ASPIRATION OF 
TUBERCULOUS CAVITIES: ? 


EDWARD KUPKA anp EDWIN S. BENNETT 


The direct surgical approach to tuberculous cavities is an old, old 
thought. The open operation is mentioned in ancient medicine and 
fairly frequently from the sixteenth century onward, although it was 
not certain always whether drainage of empyema cavity or pulmonary 
cavity was the case. In 1845 Hastings and Storks (1) introduced a 
rubber catheter into a large apical cavity without suction, leaving it 
there for one month, the patient improving. This is the first mention of 
catheter drainage that I have been able to find. In 1873 Mossler and 
in 1874 Pepper attempted injections of medication into tuberculous 
cavities. In 1885 Cerenville reported a small series of open drainage, 
and scattered cases have been done since, usually with poor results. 

The last decade has seen increased interest in the question of the 
bronchial factor in cavity formation. In connection with these studies, 
Eloesser (2) tried suction drainage in 2 cases by catheter in 1937 with- 
out effect upon the cavity. Coryllos and Ornstein (3) in 1938 reviewed 
the subject exhaustively and emphasized the importance of bronchial 
occlusion in cavity closure. 

Monaldi’s first cases were done in the spring of 1938 at the Forlanini 
Institute at Rome and reported June 15 of that year before the Italian 
Antituberculosis Society (4). Convinced that mechanical causes were 
predominant in the causation and persistence of giant cavities (doctrine 
of respiratory trauma), and that atelectasis was a common and impor- 
tant component of cavity walls, he believed that persistent suction within 
the cavity would neutralize the mechanical factors and allow the ex- 
pansion of the atelectasis. The first cases done under this assumption 
were encouraging, and as the series grew additional information was col- 
lected, out of which grew the detailed rationale of Monaldi’s Theoretical 
Bases. These have been discussed in detail in many articles by Monaldi 
(5 to 8) and by his pupils (9 to 14b). 

1 Presented at a joint session of the National Tuberculosis Association, American Trudeau 


Society and the American Association for Thoracic Surgery, Cleveland, Ohio, June 6, 1940. 
2? From Olive View Sanatorium, Olive View, California. 
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From the standpoint of this procedure Monaldi divides cavities into 
three groups depending upon the structure of the cavity wall and sur- 
rounding pulmonary tissue: (1) elastic cavities with a thin wall of atelec- 
tatic tissue with little disease about the cavity, which tend to close if 
merely the unfavorable mechanical factors, such as intermittent obstruc- 
tion of the bronchus, can be neutralized; (2) inert cavities which have a 
thicker wall containing more necrotic elements and a more diseased 
lung about them; these will close under the influence of intracavitary 
suction but not spontaneously; (3) the undeformable type with rigid 
fibrotic walls, which Monaldi considers as rare. This is in contradiction 
to the usual point of view, but is supported not only by careful morpho- 
logical studies, which show that the walls of “fibrotic” cavities are 
composed of fibrous strands interspersed with areas of atelectatic lung, 
but by the fact that under suction these cavities prove to be retractile. 
Likewise Monaldi aivides cavities according to the status of the draining 
bronchus. The relative patency of this bronchus, which is often the 
key to the enlargement of its cavity, is likewise very important in the 
efficacy of aspiration treatment. Bronchi leading to cavities may be 
completely open, but the great majority have a partially obstructed 
lumen. Since the entire bronchial tree tends to expand in inspiration 
and contract on expiration, the presence of partial obstruction may 
impede or entirely obstruct the exit of air. A few bronchi leading to 
cavities are found to be completely closed; their rarity is probably due, 
as Coryllos (3) contended, to the fact that cavities not connected to the 
bronchial tree tend to close spontaneously. 

In explaining the modus operandi of cavity closure under suction, 
Monaldi believes that five mechanisms were brought into play. These 
usually act concurrently, but the order in which they are given here 
suggests the time period of aspiration during which each assumes its 
maximum importance. 

(1) An early hygienic phenomenon is the cleansing of the walls of the 
cavity. Blood, pus, necrotic debris and other bacillus-laden material 
become separated and are eliminated. Progressively the purulent 
fluid becomes thinner, then serous, and finally, if suction is carried on at 
the optimum degree, secretion through the catheter ceases. In the 
meanwhile, tubercle bacilli have disappeared not only from the secre- 
tions but from the sputum as well. This is probably a major reason for 
the symptomatic improvement of the patient. 

(2) Atelectatic elements in the cavity wall reéxpand under suction and 
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play an important réle in replacing the cavity space. Monaldi considers 
this the most important factor. 

(3) Neighboring areas of alveolar exudation disappear, that is, be- 
come aerated and more distensible. The suction attracts the alveolar 
fluids toward the lumen of the cavity (‘draining the marshes’’), as is 
evident from the continuing serous secretion obtained in the trap. How- 
ever, too great a suction will bring about an engorgement, resulting in a 
greater X-ray density of the tissues about the cavity. This probably 
is due to dilatation of blood vessels with resultant fluid exchanges. 
Even blood may reappear as a result of a too powerful suction. 

(4) Normal tissue in the vicinity of the cavity or in more distant 
parts of the lung becomes emphysematous, which may be regarded as a 
compensation, and contributes to the filling in of cavity space. Shift 
of the mediastinum and diaphragm toward the cavity may be considered 
in a similar light. 

(5) After the clean, blood-engorged walls come together, the suction 
holds them in approximation until fibrous union takes place. Many 
failures occur because suction is not continued long enough during the 
late stages of treatment and the cavity blows up again. 

These principles represent the core of the philosophy underlying the 
Monaldi procedure. 

Indications vary depending upon the end in view. Regarded as an 
independent procedure intended to close cavities without adjuvants, 
the indications are narrow. Ideally the cavity should be isolated, of 
balloon type, and in the lower apical or subclavicular regions, so that it 
can be reached through the first or second anterior interspace. It must 
be large enough to be hit (small cavities tend to “float” about within 
the lung parenchyma and escape the relatively blunt trocar), and small 
enough to have enough parenchyma about it to fill in the space. 
Roughly we have set the limits as between three and eight centimetres 
in diameter. The pleural space must be sealed off, as proved by repeated 
pneumothorax attempts, and if even a small space is found, it must be 
obliterated; for this purpose we have injected the patient’s own blood 
(15). Bronchoscopically visible tracheobronchial disease, regardless of 
type, is not a contraindication and may even be an indication. The 
operation may be performed safely in the presence of considerable contra- 
lateral tuberculosis or contralateral collapse. It makes no great de- 
mand upon vital capacity. Neither advanced age nor poor condition 
is a contraindication, for the puncture and suction are easily borne. 
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While balloon-type cavities offer the best prognosis, the more usual, 
shaggy, irregular excavations offer chances of success as well, within 
the above limits. 

If the indication is symptomatic for the relief of cough or toxaemia, 
or if aspiration is being done in preparation for later thoracoplasty, the 
indications can conceivably be quite wide. Our material is still meagre 
and recent, but this generalization seems to be justified. There has been 
such marked symptomatic and roentgenological improvement in sev- 
eral of our patients that they have been converted from poor into good 
thoracoplasty risks and will receive that operation if suction aspiration 
does not entirely obliterate their cavities. 

After a patient has been chosen for puncture, additional films are taken 
in the lateral projection and by body section roentgenography to localize 
the cavity as exactly as possible. The operation is done on the fluoro- 
scopic table with the patient supine. Our instrumentarium and tech- 
nique (16) differ only in small details from that used at the Forlanini 
Institute (17). A final fluoroscopic examination is made, and the 
point for puncture is marked on the skin. Usual surgical technique is 
followed, using one per cent novocaine for local anaesthesia. The long 
exploratory needle is introduced in a predetermined direction toward the 
cavity; a three-way stop-cock connects it with a small syringe and with 
the manometer. When the cavity is reached, air can easily be with- 
drawn, and a characteristic (16) manometric fiuctuation obtained. The 
needle is then withdrawn and the trocar-cannula introduced in the same 
location. When the cavity is punctured (and manometric fluctuations 
again obtained), the mandrin is withdrawn, and the catheter inserted 
into the cavity through the cannula. The cannula is then withdrawn, 
and the catheter is left behind; it is anchored to the chest wall by means 
of silk thread and adhesive and dry dressings are applied. A final 
fluoroscopic examination verifies the position of the catheter. 

Suction aspiration is begun the day after the operation by attaching 
the catheter to a water pump composed of two bottles, the difference in 
levels giving the suction, which is adjusted to between —15 and —30 
cm. of water. A small trap bottle is interposed between patient and 
pump to catch the cavity fluids. Aspiration is continued only during 
the day in most cases. The course of treatment is followed with fre- 
quent X-ray films and by planigrams when the cavity is very small or 
not visible on usual films. Weekly or semimonthly examination of 
sputum and cavity secretions for bacilli are made. In favorably 
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progressing cases the cavity quickly decreases in size and sputum be- 
comes negative (usually within a few weeks); later, cavity secretions 
become negative. Suction is continued until the catheter extrudes by 
itself, which may occur from the third month onward. The wound 
heals quickly. We have kept our patients at strict bed-rest throughout 
the treatment, although Monaldi and other European operators allow 
their patients to go to bathroom and meals. 

The complications on the whole seem relatively unimportant. During 
or immediately after puncture, haemoptysis often takes place. It is 
frequent but slight in degree. Cerebral air embolism is a theoretical 
danger but has not been reported. During aspiration, pyogenic infec- 
tion of the chest wall and skin about the catheter is not uncommon. It 
subsides quickly. Tuberculous fistula has not yet been reported. 
Bloody secretion late in the treatment usually indicates too high nega- 
tive suction. 

Several hundred cases have been reported up to the present time. 
Monaldi (18, 19) reported his first 100 patients; and 250 operations have 
been done to date at the Forlanini Institute (20). Several score cases 
from Vienna, Berlin and Davos have been reported by Weber (21), 
Grass (22), and Schuberth (23), respectively. Szule (24) reported 27 
cases from Hungary. Muller (25) has operated on 5 children. Several 
American workers have begun to do the operation (24a). The only 
published autopsy reports are from Italy (26 to 28). 

At Olive View Sanatorium (29) puncture was attempted on 22 patients 
between September, 1939 and April, 1940. In 3 of these we failed to 
find the cavity with the exploratory needle, and no attempt with the 
trocar was made; in 2 more we succeeded with the needle but failed to 
reach the cavity with the trocar. Thus, 17 patients have actually had 
a catheter introduced into a cavity with subsequent suction. Since 10 
of these patients are still under suction, our end results cannot yet be 
given, but certain facts and tentative conclusions are worthy of mention. 

Pleural symphysis was already present in 11 patients, and pleural 
space obliteration was produced in 6 by giving one or more injections of 
the patient’s own blood. Four had slight haemoptysis at the time of 
puncture. Four had chest wall infection of moderate degree, all sub- 
siding. Two patients died. In one, a Mexican girl, the cavity and sinus 
closed and the sputum became converted; three months later the cavity 
began to reopen, the sputum became positive, and just as we were con- 
sidering repuncture, signs of meningitis became apparent and the patient 


INTRACAVITARY ASPIRATION 619 


died shortly thereafter. Death occurred four months after the catheter 
had been removed. The second patient, a Negress, extruded her cath- 
eter prematurely. A few days later she developed abdominal pain and 
fever, which terminated in death, shown at autopsy to have been due to 
peritonitis, secondary to rupture of a tuberculous ulcer of the ileum. 

Among the remaining 15 patients, suction has been discontinued in 
5. The first has had a closed cavity and negative sputum for six 
months. The second patient converted his sputum and almost closed his 
cavity, but later when frequently repeated serial planigrams showed 
rapid increase in size of the cavity, a thoracoplasty was done. The third 
patient closed his cavity and converted his sputum, even though the 
indication was poor (a ragged, irregular cavity within a consolidated 
upper lobe). Now that this cavity is reopening, a thoracoplasty may be 
done; the patient’s condition is now fairly good compared to his critical 
state at the time of puncture. The fourth patient reduced her cavity 
to one-third of its previous size, when the catheter was accidentally 
pulled out and could not be replaced. She had had a first-stage thoraco- 
plasty one year previously, followed by contralateral spread and down- 
hill course; the condition of the opposite lung now as well as her general 
condition have so improved during suction aspiration that she is now a 
candidate for the completion of her thoracoplasty. The fifth patient, 
with bilateral apical cavities, accidentally extruded her catheter and will 
be repunctured; however, after two months’ treatment she has shown no 
improvement. 

Of the 10 cases still under suction, 6 have already converted their 
sputum, and all but one of these have shown marked diminution in 
the size of their cavities; in 3, the cavities are so small that planigrams 
show them barely visible around the tip of the catheter, but we do not 
wish to encourage the extrusion of the catheter because of the fear of 
cavity enlargement. Of the 4 who still have positive sputum, 2 have 
decreased the size of their cavities markedly and so improved generally 
that they have become good thoracoplasty risks. The remaining 2 had 
extremely large cavities, and the indications were for symptomatic relief; 
both are much improved but their ultimate fate is dubious; there is a 
faint possibility that they may yet become thoracoplasty risks. 

Of the entire series there were 5 cases that had two cavities at time of 
puncture of the larger one. None of these converted their sputa, al- 
though the cavity secretions in 2 of these patients became negative. 
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CONCLUSION 


From the information furnished by the hundreds of cases of successful 
aspiration abroad and analysis of a small group of patients receiving this 
treatment at Olive View, we are able to draw the following conclusions. 

The procedure may be regarded from three points of view: (/) As 
an independent procedure under ideal conditions, Monaldi’s prolonged 
cavity suction may bring about dramatic and complete obliteration of 
cavities. (2) Under less ideal conditions in cavities of various types, it 
may be a preparatory procedure for thoracoplasty, since it not only 
reduces the size of the cavity but also improves the patient’s general 
condition. (3) Symptomatic relief may be afforded patients with giant 
cavities causing exhausting cough, choking attacks, and severe toxaemia. 

This relatively minor surgical procedure has proved to be of value in 
treating persons with tuberculous cavitation, and our experience with 
it indicates its safety and early promise. While its final place in our 
therapeutic armamentarium must await the test of time, we feel en- 
couraged by the results to the present. 
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BRONCHIAL OBSTRUCTION AND COLLAPSE THERAPY? 


ARTHUR H. AUFSES 


In the last few years, pathological lesions in the bronchi of patients 
suffering from pulmonary tuberculosis have been described with increas- 
ing frequency. The increased use of the bronchoscope in the hands of 
skilled endoscopists, together with lipiodol bronchography, undoubtedly 
accounts for the increase in the frequency of the clinical diagnosis of 
bronchial tuberculosis. The delay in the clinical apprehension has 
probably been due to the fact that up to recent years the pathologist had 
not focused attention on this entity. Perhaps now that the clinician 
has become conscious of the bronchial lesion, the pathologist will search 
for it with greater diligence. Recent reports (1) would seem to indicate 
that, if it is carefully sought after, tuberculous bronchitis may be found 
in 30 to 35 per cent of autopsies on patients who have died from pul- 
monary tuberculosis. 

That the bronchial lesion is going to play an important part in the 
collapse therapy of pulmonary tuberculosis is evident from reports which 
are gradually appearing in the literature on the subject. Tuberculous 
bronchitis may take various pathological forms, not all of which may 
have a clinical significance. The submucosal, miliary tubercle is not the 
type of lesion which will have an effect on therapeutic methods. A 
small, active tuberculous ulcer will only be a complicating factor in that 
it may be a source of tubercle bacilli in the sputum after the pulmonary 
lesion has been arrested. On the other hand, it is the granulomatous 
lesion and the fibrotic stenosing process which will complicate collapse 
methods because of their tendency to cause incomplete bronchial obstruc- 
tion, frequently of a check-valve character. Whether the bronchial 
obstruction is due to an intrinsic lesion of the bronchial mucosa or due to 
pressure from external sources, such as hilar lymph nodes, is of no great 
importance so far as the ultimate effect is concerned. Besides the 
intrinsic inflammatory lesions and extrinsic pressure, the kinking of a 


1From the Surgical Division, Dr. A. A. Berg, Chief of Division, and the Division of 
Pulmonary Diseases, Dr. Max Pinner, Chief of Division, Montefiore Hospital for Chronic 
Diseases, New York City. 
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normal bronchus may cause partial bronchial obstruction. This may 
be due to the displacement of a lobe of the lung following collapse proce- 
dures. A concomitant mediastinal shift may readily be a contributory 
factor in the development of this type of incomplete obstruction (case 2). 

In considering obstructive bronchial lesions, we must separate them 
into those causing complete occlusion of the lumen and those causing 
partial stenosis. The former is rarely found as & permanent condition 
although it may occur intermittently. Occasionally, failure of alung to 
reéxpand, after having been collapsed for a long period by pneumothorax, 
is due to a complete closure of the main bronchus by scar tissue. A more 
common finding is a bronchus which is partially obstructed and which 
intermittently may become fully closed by oedema of the mucous mem- 
brane, inspissated secretionor kinking of the airway following collapse 
therapy. 

The effect of bronchial obstruction has been considered in the past 
in relation to the closure of tuberculous cavities. Coryllos (2) believed 
that the principal method for cavity healing was absorption of gases in 
the cavity after it had been completely shut off from the bronchial airway. 
He believed that this was the explanation for the sudden disappearance 
of tubercle bacilli from the sputum and rapid obliteration of large cavities, 
following thoracoplasty. He also felt that the disappearance and 
reappearance of cavities was due to the mechanical effect of an inter- 
mittent bronchial occlusion. That complete bronchial obstruction 
should occur in normal bronchi, due to a change in position following 
thoracoplasty, is difficult to envision. But that it might occur in a 
bronchus already partially occluded by a granulomatous or fibrotic lesion 
is readily understandable. If such a sequence of events did occur, it 
could be considered as one in which the bronchial lesion had a favorable 
effect upon collapse therapy. The bronchial lesion which has a harmful 
effect upon collapse therapy is the type which is to be discussed at this 
time. 

A tuberculous lesion of a bronchus which is severe enough to cause 
symptoms is usually found in association with pulmonary disease of 
grave prognosis. As collapse therapy is finding wider and wider applica- 
tion in patients with extensive pulmonary lesions, it is evident that it 
frequently will be indicated in patients with ulcerating or stenosing lesions 
of the bronchial tree. It is of importance for the phthisiologist and the 
thoracic surgeon to realize what effect the bronchial lesion may have 
upon the collapse therapy method that is to be used. Furthermore, 
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there are cases in which the ineffectiveness of collapse therapy may be 
due to the presence of a bronchial lesion which was not suspected before 
the therapeutic procedure was instituted. Not only may the bronchial 
lesion negate the effect of the therapeutic measure, but it may also lead 
to complications of a grave nature. 

Samson, Barnwell, Littig and Bugher (3) analyzed the results of col- 
lapse procedure upon patients who had ulcerative or stenotic tracheo- 
bronchitis diagnosed either before or after the institution of therapy. 
They found the results so poor that they no longer advocate any type of 
collapse therapy in the presence of these types of bronchial lesions. 

Eloesser (4) has described what he has termed the “blocked cavity.” 
These are cavities which show no tendency to close even after technically 
successful collapse methods, such as pneumothorax, intrapleural pneu- 
monolysis or thoracoplasty. He feels that in many cases this is due to a 
partial bronchial obstruction which permits of a valve-like action allow- 
ing free entrance of air into the cavity during inspiration but only 
partial egress during expiration. The pressure within such a cavity 
would be persistently positive, thereby preventing collapse. 

The possibility of ulcerative tuberculous bronchitis must be borne in 
mind when the sputum remains positive following technically successful 
collapse. If after pneumothorax or thoracoplasty there is no longer any 
visible cavitation, bronchoscopy should be done in order to rule out the 
bronchial tree as a source of tubercle bacilli. Cohen and Wessler (6), 
reporting a series of 20 cases of tuberculosis of the major bronchi, cited 
two patients in whom the sputum remained positive after successful 
collapse methods; one after pneumothorax, the other following thora- 
coplasty. 

Further observations of such cases will be of value in determining 
whether the bronchial ulceration will heal after the pulmonary lesion 
distal to it has become arrested. If it heals without stenosis, a good 
result should be obtained. If in the healing, bronchial stenosis occurs, 
the patient may continue to have marked pulmonary symptoms in spite 
of the fact that the tuberculous process has been arrested. Benedict 
(5) has reported 3 patients with pulmonary tuberculosis who had con- 
version of sputum after thoracoplasty. Following operation there were 
periodic attacks of fever, cough and sputum. Bronchoscopy revealed 
the presence of incomplete bronchial stenosis in all 3. Dilatation of the 
stenotic area by means of bougies caused temporary relief of symptoms. 
Secretions obtained from the bronchial lumen, distal to the stenosis, 
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were negative for tubercle bacilli on guinea pig injection. All 3 patients 
required repeated bronchial dilatations at intervals of approximately 
three months. 

Cavity perforation, either into an artificial pneumothorax or into a 
virgin pleural space, is a complication which frequently leads to a fatal 
outcome. Such perforation may be due to a valvular bronchial obstruc- 
tion causing increased intracavitary pressure.‘ The cavity which in- 
creases in size after the induction of a good pneumothorax must be 
suspected of having an obstruction in the bronchus leading to it. This 
increase in size may be the forerunner of a perforation, with all its grave 
sequelae. 

Danger of such a perforation is increased following intrapleural pneu- 
monolysis. When the adhesion, because of its shape, must be sectioned 
close to the visceral pleura, there is a weakened area on the lung surface 
usually directly over the cavity. When the cavity collapses following 
this procedure, the weakened area heals. If, instead of collapsing, the 
cavity increases in size, due to an increase in the pressure within its 
lumen, the eschar may not be able to withstand the tension, and a 
perforation into the pleural space will occur. Jacob and Sulzer (7) have 
reported a similar sequence of events; an autopsy showed a valvular 
obstruction in the bronchus entering the cavity. Theoretically, in- 
creased pressure within a cavity may be the cause of perforations after 
extrapleural pneumonolysis with insertion of paraffin or extrapleural 
pneumothorax. 


Case 1: R. L. * 30934. An eighteen year old student was admitted to Monte- 
fiore Sanatorium on January 24, 1938. Her history was as follows: Her 
mother had died from tuberculosis in 1935. Shortly afterward, she developed 
the classical symptoms of pulmonary tuberculosis, and was admitted to 
Otisville in March, 1936, with a minimal lesion. She was discharged after 
six months of bed-rest as arrested. Her symptoms recurred in the fall of 
1937, and sputum became positive. She was admitted to the House of Rest 
in Yonkers in December, 1937, and pneumothorax was induced on the left. 

On admission she was found to have an extensive left pneumothorax, with 
a large cavity in the upper lobe suspended by numerous adhesions (figure 1). 
General condition was good, sputum was positive and she was afebrile. She 
was transferred to Montefiore Hospital, March 18, 1938, for intrapleural 
pneumonolysis, which was performed on April 8, 1938. There were about 
twelve cord and small band adhesions, suspending the apex of the lung to the 
apex of the pleural cavity. All adhesions were cut without difficulty, and 


Fic. 1 (upper left). Case 1. March 21, 1938. Before pneumonolysis. Showing large 
upper lobe cavity suspended by numerous adhesions. 

Fic. 2 (upper right). Case 1. April 13, 1938. After pneumonolysis. Showing a marked 
mediastinal shift and apparent increase in size of the cavity. No adhesions are now visible. 

Fic. 3 (center left). Case 2. November 13, 1939. Small cavity in left upper lobe. 

Fic. 4 (center right). Case 2. January 2, 1940. Slight enlargement of cavity after in- 
duction of pneumothorax. 

Fic. 5 (bottom). Case 2. January 22,1940. Marked increase in size of cavity. 
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following severance the entire apex of the lung was seen to fall caudad. X-ray 
film of April 13, 1938 showed marked displacement of the heart and medias- 
tinum to the right, with the cavity still open. During the following month, 
the cavity was observed to increase in size (figure 2). Bronchoscopy was 
performed on May 18, 1938, by Drs. Kramer and Som. “The trachea was 
displaced to the right. The left main bronchus at the origin of the left upper 
lobe bronchus is narrowed by pressure on the medial wall (gland?) and by a 
protrusion to the right of the left upper lobe bronchus spur. The left upper 
lobe bronchus is narrowed by a mass on the upper anterior wall. (Tuberculous 
granuloma or extrabronchial pressure.)”” A specimen of mucous membrane 
was removed. On pathological examination it failed to show tuberculosis. 

Because of increase in the size of the cavity, and the presence of a bronchial 
obstruction, pneumothorax was abandoned, with the hope of performing a 
thoracoplasty later. An X-ray film (June, 1938) showed a return of the medi- 
astinum to its normal position and the cavity appeared smaller but was ob- 
scured by pleural fluid. There was now an infiltration in the right axillary 
region. In September, 1938, the pneumothorax on the left had almost com- 
pletely absorbed, and the infiltrations in the right lung showed partial ab- 
sorption. In October, 1938, a tuberculous laryngitis was diagnosed. It was 
apparent that thoracoplasty could not be done at this time and it was decided 
to perform an intercostal neurectomy in the hope that it would improve 
the general condition sufficiently to permit of a rib resection later. The second, 
third, fourth and fifth intercostal nerves on the left were sectioned on De- 
cember 12, 1938. 

Following this procedure, there was a sudden disappearance of sputum, 
temperatures ranged to 103°F., patient was extremely toxaemic and the cavity 
showed a large fluid level. These symptoms were finally relieved by institu- 
tion of postural drainage. Phrenic crush was performed on January 3, 1939. 
There was steady progression of both laryngeal and pulmonary lesions. On 
March 10, 1939, patient developed an acute appendicitis and appendectomy 
was done under spinal anaesthesia, with uneventful recovery. 

Patient was transferred to Montefiore Sanatorium on August 28, 1939, 
where symptoms of intestinal tuberculosis appeared. For the next few months 
her condition remained stationary and it was decided to perform a Monaldi 
intracavitary suction drainage upon the giant cavity which occupied the entire 
left apex. This was done on April 8, 1940. This has resulted in some allevia- 
tion of cough and decrease in expectoration. Otherwise her condition remains 
the same. 


Case 2: L. H. #89342, is a twenty-one year old white male, whose symptoms 
began in 1934. He was at Montefiore Sanatorium, in 1935, with an exudative 
lesion in the upper one-third of the right lung and the upper one-half of the 
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left lung, with bilateral cavitation. A right pneumothorax was induced in 
February, 1936 and a left pneumothorax in July, 1936. Sputum became nega- 
tive. The left pneumothorax had to be abandoned in May, 1937, because of 
an obliterative pleuritis. Patient was discharged as arrested in April, 1938; 
the right pneumothorax was maintained. 

Because of loss of weight and strength, he was admitted to Montefiore 
Hospital in December, 1938, where progression was noted in the left lung. 
The right pneumothorax was abandoned and he was transferred to the Sana- 
torium with a positive sputum and a cavity in the left upper lobe. This 
cavity persisted and sputum was intermittently negative and positive. (Fig- 
ure 3.) In November, 1939, the left pneumothorax was reinduced and, follow- 
ing this procedure, there was a marked increase in the size of the cavity within 
a period of twenty days (figures 4 and 5). 

Thoracoscopy was performed on January 22, 1940, and revealed many wide 
sheet-like adhesions which were so numerous that there was not sufficient room 
within the pleural cavity for the performance of pneumonolysis. Broncho- 
scopic findings by Dr. Som on January 23, 1940, were as follows: “Left upper 
lobe bronchus is kinked at its junction with the left main bronchus. The 
anterior wall of the left upper lobe bronchus is patent beyond the anterior 
descending branch.” 

Mineral oil was then instilled into the left pleural cavity in order to cause an 
obliterative pleuritis. Intracavitary suction drainage was contemplated, when 
complete reéxpansion had occurred. But when the lung had completely 
reéxpanded and the upper lobe had assumed its normal position in the thorax, 
it was found that the cavity had returned to its original size. The patient is 
now under observation before any further therapeutic measures are to be 
instituted. 


In case 1, a partial obstruction of the left upper lobe bronchus nullified 
the effect of a technically successful intrapleural pneumonolysis, and 
gravely complicated the postoperative course after intercostal neurec- 
tomy. After induction of pneumothorax, numerous adhesions were 
seen which were thought to be preventing the collapse of the cavity. 
Intrapleural pneumonolysis was done, followed by rapid increase in size 
of the cavity. Bronchoscopy showed a bronchial obstruction, and 
pneumothorax was discontinued because the danger of perforation was 
considered. After reéxpansion of the lung, a thoracoplasty was contem- 
plated. The appearance of a laryngeal tuberculosis and a spread to the 
other lung contraindicated any major surgery. It was decided to per- 
form an intercostal neurectomy in the hope that thoracoplasty could be 
done at a still later date. This, apparently, was ill advised; for once 
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more the bronchial lesion complicated the postoperative course. Be- 
cause of the paralysis of the thoracic musculature, the patient could no 
longer expel the cavity secretions past the bronchial obstruction. There 
was an absence of sputum for a considerable time, with high tempera- 
tures and toxaemia. Some relief was obtained by means of postural 
drainage and later transthoracic drainage of the cavity was performed. 
Eloesser has used this method in the hope of obtaining an obliteration of 
the blocked cavity but he has found it of value only for temporary 
relief. Monaldi has reported a large series of cases of transthoracic 
suction drainage of cavities which he advocates, especially in the presence 
of a bronchial obstruction. 

Case 2 is one in which a tremendous increase in the size of the cavity 
occurred within a very short time after the induction of pneumothorax. 
Bronchoscopy disclosed a definite kinking of the bronchus leading to the 
cavity. This was considered to be the cause of the enlargement of the 
cavity, and pneumothorax was abandoned. Upon reéxpansion the cav- 
ity decreased in size to its original dimensions. In view of the fact that 
the bronchus became kinked when the upper lobe was displaced down- 
ward by pneumothorax, it is likely that an identical situation might 
occur if thoracoplasty were performed. Therefore it is felt that thoraco- 


plasty is contraindicated in this case and transthoracic suction drainage 
is being considered. 


CONCLUSIONS 


1. Bronchial obstruction, due either to bronchial tuberculosis, extra- 
bronchial pressure or kinking of a bronchus, is a fairly common complica- 
tion of pulmonary tuberculosis. 

2. These lesions may have an effect upon the results obtained in vari- 
ous types of collapse therapy. 

3. Two patients are cited in whom partial bronchial obstruction had a 
deleterious effect upon a number of forms of collapse therapy. 
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THORACOPLASTY IN THE FIFTH AND SIXTH DECADES: 
REUBEN SHAPIRO® anp C. WALKER MUNZ! 


Although there have been many reports of thoracoplasty performed 
on patients in the fifth and sixth decades of life (1, 2, 3), few of these 
reports have devoted more than passing mention to this age group. 
In almost all cases, the problems relating to the patients over forty have 
been lost in the general subject of thoracoplasty. 

The indications and contraindications for thoracoplasty between the 
ages of twenty and forty are now fairly well standardized. Differences 
in the technique among different operators are not great and results vary 
but little from clinic to clinic. Step over the line into the fifth and sixth 
decades and confusion confronts one. There is no uniformity of opinion 
or results; no comforting rules by which to choose or reject the elderly 
patient presented for thoracoplasty. 

This was the situation confronting us when Dr. Pol N. Coryllos or- 
ganized the chest surgery service at the United States Veterans’ Hospital 
at Castle Point, New York in 1936. The following year at the annual 
meeting of the American Association for Thoracic Surgery, the problem 
of thoracoplasty in the fifth and sixth decades was discussed (4) but no 
concrete results came of it. By reviewing the cases completed or started 
under Doctor Coryllos between June, 1936 and December, 1938, we 
hope to find some solution to several of these problems. 

This study covers 50 consecutive cases of pulmonary tuberculosis in 
patients forty and more years of age, which were accepted for surgery 
by our Surgical Collapse Board. Far from being selected as good risks, 
they are “run of the mine” cases. At all times the Board ignored 
possible surgical mortality for the broader view of what the mortality 
would be without operation. There is no doubt that with more careful 


1 Published with the permission of the Medical Director of the Veterans Administration, 
who assumes no responsibility for the opinions expressed or the conclusions drawn by the 
authors. 

2 Read before the Dutchess County Medical Society, Poughkeepsie, New York, May 
11, 1939. 

8 Veterans Administration, Castle Point, New York. 

4707 Tecumseh Building, Springfield, Ohio. 
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selection of cases, mortality and conversion statistics would have been 
improved. 

Age (table 1): The average age of the veterans of the World War is 
now about forty-six years; consequently, the majority of our patients 
fall into the first half of the fifth decade. There were 32 cases (64 per 
cent) forty to forty-five years of age; 15 (30 per cent) were forty-five 
to fifty years; and 3 (6 per cent) were above fifty years of age. There 
were no appreciable variations in conversion or mortality figures in 
these three age divisions; nor did our results differ very greatly from 


TABLE 1 


Average age United States war veteran forty-six years 
Average this group at time of operation 


AGE GROUP 


40 to 45 


45 to 50 


Over 50 


Total 


Number of cases 
Conversions 
Nonconversions 


32 (64.0%) 
16 (50.0%) 
11 (34.3%) 

5 (15.6%) 


15 (30.0%) 
8 (53.3%) 
3 (20.0%) 
4 (26.6%) 


3 (6.0%) 

2 (66.6%) 

1 (33.3%) 
None 


50 (100%) 

26 (52.0%) 

15 (30.0%) 
9 (18.0%) 


TABLE 2 


Duration of disease 


DURATION 


0 to 8 years 


More than 8 years 


Conversions 
Nonconversions 


31 (62.0%) 
16 (51.6%) 
10 (32.2%) 

5 (16.1%) 


19 (38.0%) 
10 (52.6%) 
5 (26.3%) 
4 (21.0%) 


those of the Veterans’ Administration Chest Centres throughout the 
country. 

Duration of disease (table 2): The duration of the disease in this group 
of patients ranges from nine months to nineteen years; the average dura- 
tion is 7.1 years. There is no noticeable relationship between the age 
of the patient and the duration of the disease. If we divide our cases 
at the point of average duration, we find 31 patients with disease of 
seven years or less, and 19 patients with disease of eight years or more. 
Comparing these two groups we find no appreciable difference in re- 
sults or mortalities. 
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Type of disease (tables 3 and 4): Because of the many varied and for 
the most part incomplete classifications of pulmonary tuberculosis, for 
the purpose of this paper, we have uséd the classification of the National 
Tuberculosis Association. As is to be expected, the majority of cases, 
44 (88 per cent), were far advanced; 6 (12 per cent) were moderately 
advanced; there were no minimal cases. It is interesting to note that 
all of the moderately advanced cases were converted to negative spu- 
tum; of the far advanced cases, only 20 (45.4 per cent) turned negative. 
There was only one exudative case whose postoperative course was 
extremely stormy resulting in death because of empyema and spread. 


TABLE 3 


CLASSIFICATION 


Minimal 


Moderate 


Far advanced 


None 
None 
None 
None 


6 (12.0%) 

6 (100%) 
None 
None 


44 (88.0%) 
20 (46.4%) 
15 (34.1%) 

9 (20.4%) 


TABLE 4 


CLASSIFICATION 


Exudative 


Mixed 


Productive 


1 (2.0%) 
None 
None 


1 (100%) 


22 (44.0%) 
12 (56.0%) 
7 (31.0%) 
3 (13.0%) 


27 (54.0%) 
14 (51.5%) 
8 (31.0%) 
5 (18.5%) 


The mixed (exudative and productive) and productive cases are almost 
evenly divided both in numbers and results. 

Functional factors: None of these patients showed any evidence of 
renal or bone tuberculosis. Electrocardiograms were obtained in all 
cases. Vital capacities ranged from 32 per cent to 85 per cent and 
showed no relationship to either age or duration of disease. 

Procedures undergone prior to thoracoplasty: In all but 3 of our patients, 
pneumothorax had been tried and either no space had been found or the 
resulting pneumothorax was altogether inefficient, as judged by a trial 
period ranging from two months to two years. Two of these cases had 
undergone operation for severance of adhesions. There were 10 cases 
in which phrenic exairesis had been performed either alone or in combina- 
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tion with pneumothorax or scaleniotomy. These were all done (prior 
to consideration for thoracoplasty) by groups other than our own. 

Number of operations: Of the 50 cases, 34 were operated on the right 
side, 14 on the left and 2 bilaterally. There was a total of 92 opera- 
tions. Fifteen patients received only one stage; 27 received two stages; 
6 three stages; and 4 four stages. Two bilateral cases received one stage 
on each side. It is to be noted that both the bilateral cases turned 
negative shortly following the second operation. There were 6 revisions. 
Of the 9 deaths, 7 occurred after the first stage and 2 after the second 
stage. Six conversions occurred after the first stage, 16 after the sec- 
ond, one after the third and one after the fourth. 

Technique of operation: Preoperative care: Except for the general 
hygienic care, no special measures were undertaken prior to operation. 
Patients were encouraged to cough and expectorate the morning before 
operation, and the quantity of sputum for the preceding twenty-four 
hours was recorded. 

Anaesthesia: All of our cases were anaesthetized with cyclopropane and 
oxygen diluted with nitrous oxide (40 per cent). Whenever the patient 
was found to expectorate more than one ounce of sputum in twenty-four 
hours, the anaesthetic was delivered through an intratracheal catheter. 
This enabled the anaesthetist to aspirate the patient’s tracheobronchial 
tree thoroughly whenever indicated, and always at the conclusion of the 
operation before the patient awoke or left the operating room. The 
anaesthesia was maintained at a relatively light level. The patient was 
usually awake and consciously responding within five minutes after the 
final closure. 

Operation: The operation consisted of the usual posterior thoraco- 
plasty. Three to five ribs were removed at the first stage; the first three 
ribs in toto with their adjacent transverse processes. No chemical de- 
struction of the periosteum was attempted. In the majority of cases 
(78 per cent) the Semb technique was followed. In only one case was a 
drain used. (There was accidental injury to the lung and an infection 
was feared.) 

Postoperative care: There was nothing unusual about the postopera- 
tive care beyond maintaining an exceedingly careful watch for the earli- 
est signs of patchy atelectasis, commonly described as early broncho- 
pneumonia. X-ray films taken immediately after operation, while of 
no particular value in themselves, proved necessary guides for compari- 
son with other bed-side films where pulmonary complications arose. 
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Every patient received hypertonic saline (500 cc. 5 per cent) followed, 
when indicated, by glucose in physiological salt solution. To all pa- 
tients, oxygen with 10 per cent carbon dioxide was administered by 
means of nasal catheters for the first twelve to twenty-four hours and 
as long thereafter as was deemed necessary. 

Operative complications (table 5): There was some shock associated 
with the operation in all cases, but in only 9 was it severe enough to 
cause apprehension. Accidental pleural tears occurred in 11 cases (22 


TABLE 5 
Operative complications 
Excessive or troublesome bronchial secretions. ................0ceeeeeeeeeeeeeeeeees 3 
TABLE 6 
Postoperative com plications 

9 


per cent). Three cases proved troublesome on the table because of 
frequent need for aspiration due to the excessive bronchial secretions. 
In 2 instances, the surgeon became alarmed because of prolonged apnoea. 
In one case, convulsions occurred which were never explained. Air 
embolus may have been the cause inasmuch as there had been a pleural 
tear. 

Postoperative complications (table 6): Death resulted from cardiac 
failure in 3 cases. The general decline in all of these cases started with 
paradoxical respiration as the initial symptom. Whether the paradox- 
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ical respiration was a cause or a result, we are not able tosay. Broncho- 
pneumonia, or as we prefer to call it, patchy atelectasis occurred in 5 
cases, 2 of whom died. Of these 5, 4 were bronchoscoped and aspirated, 
3 with immediate symptomatic and clinical improvement and final re- 
covery. Wound infection occurred in 7 patients. In 2, empyema 
directly traceable to the wound infection developed followed by spread 
to the contralateral side; they died three months and one year, respec- 
tively, following operation. 

Altogether there were 9 cases of spread following operation; one to the 
thoracoplasty side and 8 to the contralateral lung. Of the latter, 4 
received pneumothorax, 2 of whom improved. One is steadily declining 
and the fourth died immediately after the initial pneumothorax from 


TABLE 7 
Mortality 


Operative (4 to 15 days) 


Cardiac failure (as result of paradoxical respiration?)....................-0020005- bi 
Mediastinal emphysema (following lung injury) 
Pneumonia 


Generalized spread 
Low vital capacity 
Spontaneous pneumothorax 


traumatic pneumothorax. Of the 4 patients who did not receive pneu- 
mothorax, 2 died with empyema which had preceded the massive spread 
to the good lung. One patient turned negative and is gradually re- 
solving the spread, and one has failed to improve. The single case of 
spread to the operative side is gradually clearing without further treat- 
ments other than bed-rest and is negative. Psychosis occurred in 2 
patients. 

Deaths (table 7): Up to the present writing there have been 9 deaths. 
Five died four to fifteen days following operation and may be classed 
as operative deaths. Of the operative deaths, one followed mediastinal 
emphysema (the result of a tear of the lung during apicolysis). One 
died of pneumonia and 3 of cardiac failure. Of the 4 nonoperative 
deaths, 2 may be attributed to extensive contralateral spread which, 


3 
1 
1 
Nonoperative (beyond 3 months) 
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however, may have been precipitated by extensive wound infection and 
empyema on the operated side. One died with lowered vital capacity 
and haemorrhage three months follewing operation. The remaining 
patient died following spontaneous traumatic pneumothorax produced 
when attempting to control spread in the contralateral lung nine months 
following operation. 


DISCUSSION 


Although 50 cases are not a great number on which to generalize, we 
feel justified in certain views based on this study. First, we do not 
believe that age, insofar as the fifth and sixth decades are concerned, 
materially alters the outlook for thoracoplasty. Morbidity and mor- 
tality in this age group are not appreciably greater than for the gen- 
eral sanatorium population undergoing thoracoplasty (54 per cent con- 
versions, 10 per cent postoperative deaths). It is generally believed 
that the ravishes of time on the cardiovascular system are the under- 
lying factors in the poor risk element of the fifth and sixth decades. 
Strange as it may seem, we have found cardiologist’s prognosis (based 
on physical examination, functional tests and electrocardiograms) un- 
satisfactory in foretelling the course during and following operation. 
On several occasions in which the cardiologist’s report predicted a poor 
risk, the patient was nevertheless operated and carried through an un- 
eventful postoperative course. None of our patients died of the trauma 
of operation. We believe that the trauma of thoracoplasty by itself is 
not enough to kill a patient of forty or fifty who otherwise fulfills the 
demands for any elective operation. The lethal factor in our cases was 
always some complication which might attend the operation at any age. 

In this study, the question of duration of disease seems pertinent. 
When we look over the figures in our various tables, no positive conclu- 
sions can be drawn. However, in reviewing the X-ray films, we were 
struck by the high incidence of morbidity and mortality in two classes 
of patients, one of which fell into the group of long duration of disease. 
In the one class, the outstanding feature was the size of the cavity (8 
cm. or more in diameter) best described as giant cavity. The other 
class, we designated “white sided cases.”” The latter group has been of 
especial interest to us because we found little or no mention made of it 
in the literature (table 8). 

There were 8 cases of giant cavities and, as might have been expected, 
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the results were poor. Only one of the 8 turned negative and 3 died. 
Of the 4 who remained positive, 3 are definitely worse than they were be- 
fore operation. 

A white sided case may be defined as one in which the X-ray film 
shows dense opacity throughout one entire side, with the mediastinum 
drawn to a greater or lesser degree toward the opaque side. Evidence 
of cavitation may or may not be prominent. The trachea is usually 


TABLE 8 


(A) Giant Cavity Cases 

Converted 1 (12.5%) 

Nonconverted 4 (50.0%) 
3 (37.5%) 


(B) White Sided Cases 7 
Converted 2 (28.5%) 

2 (28.5%) 

3 (43.0%) 


(C) Giant Cavity and White Sided Cases (24% of all cases) 
Converted (7.6% of all negatives) 
Nonconverted (33% of all positives) 

Died (55.5% of all deaths) 


TABLE 


CLASSIFICATION 


Giant cavity and Total number of 
white sided enete All others cases 


12 38 50 
Conversions 2 (16.6%) 24 (63.0%) 26 (52.0%) 
Nonconversions 5 (41.6%) 10 (26.0%) 15 (30.0%) 
5 (41.6%) 4 (11.0%) 9 (18.0%) 
100% 100% 100% 


deviated from its normal position toward the affected side; the inter- 
costal spaces are narrow. In short, the picture is that of marked 
fibrosis with atelectasis. In 2 cases out of a group of 7, lipiodol 
bronchography was done and bronchiectasis proved. The other 5 
showed clinical evidence of this complication. 

There were 3 cases which fell into both classifications, so that if we 
combine these two groups, there were 12 cases in all. These 12 cases, 
representing 24 per cent of the entire number studied, produced only 


| 
— 


THORACOPLASTY 639 


2 negative sputa (7.6 per cent of all negative cases) and 5 deaths repre- 
senting 55.5 per cent of all the deaths. 


SUMMARY 


A study of 50 cases of thoracoplasty performed on patients who were 
in the fifth and sixth decades of life has been made. We believe that 
patients in this age group can withstand the operation of thoracoplasty 
as well as younger individuals if they otherwise fulfill the demand for an 
elective operation. From the study of our results in this age group, it 
is with the giant cavity and what we have chosen to call ‘‘white sided 
cases” that the poorest results occurred. The morbidity and mortality 
were high, and the conversion of sputum to negative was low in these 
latter groups. These cases might readily have been recognized before 
operation and could easily have been eliminated from unprofitable 
surgery. It is our feeling that this finding, if proved by other investiga- 
tors, is of considerable importance. 
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THORACOPLASTY FOLLOWING PNEUMOTHORAX! 


Dangers and Results 


ISADORE L. CUTLER 


Whenever the sanatorium physician has to allow an ineffective pneu- 
mothorax to absorb prior to thoracoplasty, the questions arise: What 
percentage of cases will have spread of their lesions which will necessitate 
rejection by the surgeon? How will the patient react during the period 
of reéxpansion prior to operation? 

The following brief survey is an attempt to answer these questions. 

From 1930 to July, 1939, at the Rutland State Sanatorium, 79 cases 
with unsatisfactory artificial pneumothorax were referred for thoraco- 
plasty.2 In 3 cases (group I) the lung was not reéxpanded. Nine cases 
(group II) were complicated by tuberculous empyema at the time of 
acceptance for thoracoplasty. Reéxpansion was impossible in these. 

Of the remaining 67 cases, 64 (95.5 per cent), which constituted group 


III, were allowed to reéxpand, showed na spread of the lesion and came 
to operation. Three (4.5 per cent) became definitely worse following 
expansion and were rejected. An abstract of these three cases follows. 


Case 1: K. O’D., white, female, forty-six. Onset of present illness Novem- 
ber, 1937. She was admitted to a sanatorium in March, 1938, where pneumo- 
thorax was induced May 1, 1938. Admitted to Rutland State Sanatorium 
September 23, 1938, with a 45 per cent left pneumothorax, which was ineffec- 
tive. The lung was allowed to reéxpand in preparation for thoracoplasty, 
whereupon her temperature rose to 100°F. daily, and cough and expectoration 
increased. X-ray films showed new lesions throughout the reéxpanded left 
lower lobe and bronchoscopy revealed bronchial ulcers in the left major 
bronchus. Condition unimproved at present. 


Case 2: A. M., white, male, eighteen. Admitted toa sanatorium December 31, 
1937. Intrapleural pneumothorax induced on the left, January 7, 1938, was 
ineffective. In March, 1938 the lung was allowed to reéxpand in preparation 
for extrapleural pneumothorax, but the patient began to lose weight and fluid 
developed. Pneumothorax was reéstablished; the patient improved. He was 


1 From Rutland State Sanatorium, Rutland, Massachusetts. 
2 Operations by Dr. Edward D. Churchill, Massachusetts General Hospital, Boston. 
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transferred to Rutland in July, 1938. Pneumothorax was continued until 
March, 1939, when it was discontinued in preparation for thoracoplasty, 
whereupon the patient ran elevated teinperatures, lost weight and cough and 
expectoration increased. New disease was seen in the contralateral lung by 
X-ray. Pneumothorax was reéstablished, but the patient died. 


Case 3: A. B., white, female, twenty-nine. Admitted to Rutland State Sana- 
torium February 16, 1937. Patient was acutely ill with temperatures to 
101°F. Artificial pneumothorax was started on February 26, 1937 on the 
left, and in its course brought severe paroxysms of coughing at night. First 
intrapleural pneumonolysis was done on April 28, 1937, with improvement in 
general condition. Because of continued positive sputum, severe coughing 
spasms, and adherence of left base to diaphragm, a left phrenic crushing was 
done on September 29, 1937. Symptoms remained unimproved, hence another 
pneumonolysis was performed on November 1, 1937. Effusion followed and 
patient began to run temperatures up to 101°F. In May, 1938 there was 
renewed spasmodic coughing and wheezing. X-rays showed left base to be 
reéxpanding. Bronchoscopy demonstrated marked injection of entire length 
of right bronchus. Left bronchus was contracted to about half its normal 
size. No ulcers were seen. Diagnosis: tuberculous bronchitis without ulcers. 
Another left phrenic emphraxis was done on May 28, 1938, and again July 6, 
1938 without relief of symptoms. The patient was seen by surgical consultant, 
who advised that the left lung be allowed to reéxpand and a thoracoplasty 
be performed. As pneumothorax was absorbed, severity and frequency of 
above symptoms increased up to January, 1939, after which they cleared up, 
only to recur in March, 1939. An X-ray film at this time showed that the 
left lung was almost completely reéxpanded. A cavity was present in left 
second interspace. Patient failed slowly and died on July 23, 1939. 


Cases 2 and 3 were poor thoracoplasty prospects even prior to reéx- 
pansion because of bronchial ulcers and tuberculous bronchitis. That 
leaves only one case that really was rejected because of definite spread 
of lesion following reéxpansion, without other complications. 


RESULTS OF THORACOPLASTIES 


Group I: Concerning the 3 cases on whom thoracoplasties were done 
in the presence of artificial pneumothorax, the first was operated on in 
1931 and is unimproved. The second, operated on in February, 1933, 
became sputum-negative within two months postoperatively, and is 
apparently cured. The third, operated on April and May, 19339, is still 
a patient here, became negative within a month postoperatively and is 
improved. 
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Group IT: Among the 9 patients whose pneumothorax was complicated 
by tuberculous empyema, who had thoracoplasty, 4 turned negative post- 
operatively within two months; 4 were negative preoperatively. One 
was positive to time of death. There were 3 deaths, or a 33.3 per cent 
mortality rate. One died immediately after the second stage, one of 
amyloidosis eight months after the first stage, and one of spontaneous 
pneumothorax one year after the third stage. Two patients are still at 
the sanatorium, improved; 3 are arrested; one apparently cured. 

Group III: It is of interest to study the sputum conversions in the 
64 cases which came to thoracoplasty after their pneumothoraces had 
absorbed. One had negative sputum preoperatively; 42 positive cases 
turned negative up to two months postoperatively; 3 became negative 
four to ten months after operation; 10 have positive sputum to Septem- 
ber, 1939. In the 8 cases in which death occurred, the sputum remained 
positive. The results of thoracoplasty in these 64 cases are: apparently 
cured and arrested, 34, or 53 per cent; quiescent and improved, 18, or 
28 per cent; unimproved and died postoperatively, 12, or 19 per cent. 

The 8 deaths occurred in an average time of twenty-two months and 
twenty-six days, the shortest time postoperatively being one month, the 
longest three years and nine months. 

It is obvious that, out of a total of 64 cases of thoracoplasty following 
reéxpansion, the results in 12, or 18.8 per cent, were unfavorable, while 
in 52, or 81.2 per cent, they were favorable. 


COMMENT 


Review of the literature shows the consensus that, whenever a thoraco- 
plasty is to be substituted for an ineffective pneumothorax, it is best to 
allow the pneumothorax to absorb completely first, rather than do the 
operation in its presence. 

Hochberg and Coryllos (1), in a comparative study of 116 cases where 
pneumothorax was allowed to absorb before thoracoplasty, report that 
only 10.5 per cent remained positive as compared to 24 per cent in 100 
unreéxpanded cases. This compares with 15.6 per cent in our series that 
remained positive postoperatively. The above mentioned authors show 
that as the air is absorbed after thoracoplasty the lung will reéxpand, 
thereby producing a still less effective collapse in those operated upon in 
the presence of pneumothorax. 

Bettman and Biesenthal (2) contend that in cases with artificial pneu- 
mothorax coming to thoracoplasty the presence of intrapleural air may 
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be undesirable for two reasons: first, the immediate collapse of the chest 
wall following operation may raise the intrapleural pressure to such an 
extent that severe cardiac and respiratory embarrassment may ensue; 
second, the intrapleural air, especially in the presence of a fixed mediasti- 
num, may prevent a satisfactory collapse of the chest wall. 


CONCLUSIONS 


1. In a review of 67 patients with ineffective artificial pneumothorax 
who were accepted for thoracoplasty, 64, or 95.5 per cent, had no spread 
of their lesions during the preliminary reéxpansion of the collapsed lung, 
while 3, or 4.5 per cent, became definitely worse following reéxpansion and 
were rejected for operation. 

2. Because of the small percentage of cases which were unfavorably 
influenced by reéxpansion, it is felt that it is safe to allow reéxpansion 
prior to thoracoplasty; in addition, this sometimes gives further indica- 
tion of the degree of activity which was obscured by pneumothorax. 

3. As a precaution, the reéxpanding lung should be closely watched 
and not allowed to come out too fast. Refills may be advisable if signs 
of toxaemia arise. 

4. The case fatality rate in pneumothorax cases reéxpanded prior to 


thoracoplasty was 12.6 per cent of a total of 64 cases. In the pneumo- 
thorax cases complicated by tuberculous empyema, it was 33.3 per cent 
in a series of 9 cases. 
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TUBERCULOSIS——-AN INTIMATE CHRONICLE 
JOHN A. O’HALE! 


The reader who is expecting the usual report of a case may be dis- 
appointed with this chronicle; for, although it treats of the progress of a 
case, it does so from the patient’s view-point rather than from the doc- 
tor’s, and makes its main theme the listing of the experiences which a 
tuberculous patient, a doctor, underwent in his passage through the 
ordinary phases of the cure as they are carried out to-day, that is bed- 
rest, pneumothorax and first-stage thoracoplasty. 

It was late in 1932 when he was forced to discontinue medical school 
in the last year and enter a sanatorium with the diagnosis of fibro-ulcera- 
tive pulmonary tuberculosis, moderately advanced. His symptoms were 
chronic fatigue, cough and daily expectoration of about one-half ounce 
of a positive sputum. 

The treatment was bed-rest. Came the not unusual period of rebel- 
lion, followed by the not unusual period of resignation to the inevitable. 

After some ten months of bed-rest the chronic fatigue disappeared and 
after one and a half years of almost complete to less complete bed-rest 
the sputum became negative. This enviable state lasted six months, 
and then the sputum, which had increased directly as did his exercise, 
again became positive and remained so. 

Eight months later it was decided that pneumothorax should be insti- 
tuted on the right side. Its induction was immediately successful, 
despite the fact that there were signs of pleurisy on X-ray examination. 
Subsequent refills revealed a symphysis of the upper lobe to the chest 
wall. Because of this symphysis, pressures after refills were always 
high, ranging from +16, +8 to +26, +16. 

The first few months following the induction of pneumothorax the 
sputum increased in amount from a dram to half an ounce, even though 
the exercise was diminished. Later, as the collapse was established, the 
sputum decreased and finally disappeared. As it did so, the chronic 
fatigue reappeared. 

To state briefly his impressions of pneumothorax treatments: they 


1416 81st Street, Brooklyn, New York. 
644 


— 
( 


TUBERCULOSIS———AN INTIMATE CHRONICLE 645 


produced a feeling of tightness in the chest; they caused dyspnoea and 
increased fatigue; they further limited and slowed down both physical 
and mental activities; they produced, on occasion, an expiratory wheeze 
in the chest; they occasionally caused some trivial dizziness; they turned 
his sputum negative, then caused it to disappear entirely. 

Until the collapse was well established, or for the first six months of 
pneumothorax treatments, dyspnoea was quite.severe, being present 
even when he walked on level ground. Later, his thorax became ad- 
justed to the high pressures and then dyspnoea was only noticed when he 
climbed stairs. 

The patient distinguished between two kinds of chronic fatigue. 
The chronic fatigue that was present on first entering the sanatorium, 
and the chronic fatigue that accompanied pneumothorax. 

The former fatigue was probably a toxaemic fatigue, the latter a 
pressure fatigue. The former fatigue was accompanied by nervousness, 
irritability and anxiety. The latter was a complacent fatigue which 
looked with a sigh of relief at an easy chair ora bed. The former fatigue 
went to bed with him at night and arose with him in the morning. This 
new fatigue disappeared after a good night’s sleep so that the patient 
awoke full of energy and feeling as though he could perform feats of 
strength and physical dexterity—disillusionment came when he tried 
them. 

He also distinguished between two causes of dizziness. The first, 
probably due to some of the injection fluid entering a small vein in the 
chest wall, occurred while the patient was still on the treatment table. 
It was transitory, only lasting a few seconds. It was very rare. The 
other occurred some five to ten minutes after a treatment. It lasted for 
perhaps a minute. It was noticed more often than the former but still 
rarely, and only when the patient was exercising. It was thought to 
be due to the high pressures in the pleural space built up still further by 
the exercise and by gaseous exchange. In both cases the dizziness was 
always mild and might be compared to the sensation one experiences 
after smoking a particularly strong pipe. 

The expiratory wheeze was heard only for a few days after a treatment, 
and then only when the patient lay quietly in bed and expired forcefully. 
The higher the pressures, the more oppressive was the feeling in the chest, 
and the more likely was the wheeze to be heard, like the sounds produced 
by steam under pressure passing through the pin-point opening of the 
radiator valve. 
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The sputum turned negative four to five months after pneumothorax 
was instituted. Even then he would have to wait as long as two to three 
weeks before obtaining a specimen for examination. 

With the aid of pneumothorax he completed his medical course and 
a year’s interneship in a sanatorium for tuberculosis. But in September, 
1938, after six years of intermittent curing and working, an exacerbation 
of the disease in his right upper lobe decided him to retire from active 
duty. 

Bed-rest and discontinuation of pneumothorax treatments were de- 
cided upon with an eye on future thoracoplasty. The pneumothorax 
treatments were discontinued abruptly with no further refills. Bed- 
rest helped tremendously, aiding the elimination of all symptoms save 
the daily expectoration of about one cubic centimetre of a positive 
sputum. 

Some six months after pneumothorax treatments were discontinued 
the patient occasionally noticed a vague sensation of painless rubbing 
on the posterior parietal pleura of the pneumothorax side and attributed 
it to the reéxpanding lung rubbing against the chest wall. Much to his 
surprise, when an X-ray film was taken, the lung was still fairly well 
collapsed but there now was, for the first time as far as the patient knew, 
a hydropneumothorax, about an interspace of fluid. Once he realized 
that the fluid was the cause of the rubbing sensation, it was easy enough 
to distinguish it from a pleural friction rub; for the sudden flexion or ex- 
tension of the trunk on the thighs sent the fluid rippling up or down the 
chest wall. If the flexion were done slowly or limited to an acute angle, 
the sensation was not experienced. No real succussion splash was ever 
felt, but that vague rippling sensation continued to be felt until the lung 
had entirely reéxpanded, some ten months after pneumothorax treat- 
ments had been discontinued. 

Although he was doing well on bed-rest, because of his previous history 
of varying positive and negative sputum, and because of his present 
positive sputum, the only symptom then remaining, a thoracoplasty was 
decided upon. It was scheduled for a Thursday afternoon. 

The Monday of that week the patient entered the hospital for the 
routine laboratory tests: blood count, sedimentation time, blood typing, 
coagulation time, sputum and urine analysis. He forced fluids, did this 
patient, to the extent of three quarts a day and between meals he nibbled 
on a chocolate bar. 

The morning of the operation arrived. The breakfast was a scanty 
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one. The chest was shaved from anterior midline to posterior midline 
around the right side. But the event that he remembers most vividly 
is the enema, his first. He thought his intestines would break unless 
that eventuality were prevented by premature death from cramps. 
And he had prescribed enemata not knowing the sensation they produce. 

Lunch at noon-time consisted of six grains of sodium amytal. Within 
a short time he was asleep. Thereafter events grew hazy. He was 
awakened when the nurses came to dress him for the operation but the 
awakening was perfunctory. Faintly, he realized that one nurse was 
donning the boot-hose and another was sticking the hypodermic needle 
into his arm. He must have again fallen into slumber for he did not 
recall her extracting it. Nor could he remember anything of his trans- 
fer from bed to stretcher, the long ride from one building to another 
through some thousand feet of bumpy corridors, down one noisy elevator 
and up another, nor the operation room itself. In fact, the next thing 
he knew he was back in his room, dusk had settled, a few friends were 
looking through the door and a nurse was beside him. He felt fine and 
fully awake. The side guards on the bed told him distinctly that he 
had been operated upon. 

Just then his doctor entered the room and in his bounding, cheerfully 
forceful way told him of the good result. 

“Four ribs practically entirely removed and the lung has collapsed 
nicely. You probably won’t need any more surgery,” he added. 

That made the patient feel so well that he was tempted to climb over 
the side guards and look around for something to do. The inclination 
was mental rather than physical, however, and instead, with the as- 
sistance of the nurse, he swallowed a little Vichy and was happy to re- 
tain it. 

Nine p.m. The visitors and well wishers vanished. The nurse pressed 
out the lights as she withdrew into the corridor, and he was alone. 

Well! With nothing to do his mind wandered to his pulse and his 
fingers were not long in following. He couldn’t count it; it was so fast 
and irregular. But he felt well. 

Maybe he lay there for an hour when he retched suddenly, forcefully 
and unexpectedly. He thought his lungs and abdominal organs had 
popped out through his subclavicular region. He learned then, without 
aid of a dictionary, what the term exquisite pain means. Strangely 
enough the wound on which he was lying didn’t bother him at all at that 
time. For the few subsequent retches he braced himself and instead of 
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having them explode in his chest they were eased over the pharynx with 
little discomfort. 

That first retch seemed to be the signal for the pain to begin. First 
there was hyperaesthesia around the mouth, probably due to the tight- 
ness of the anaesthesia breathing cup. Next, all his teeth began to 
ache, and that’s not hyperbole. They ached all through that first night. 
Later, his shoulder began to clamor for self assertion. He didn’t sleep 
very well that night, and occasionally, with the assistance of the nurse, 
he would turn from back to side, or vice versa, over the big bandage, and 
each time, try as he would to prevent it, the cautious maneuvering always 
ended in a thud as if he were rolling up or down a curb. 

That first postoperative night he had a drenching sweat, and was quite 
worn out waiting for the dawn. When it came he slept for some three 
hours and felt wonderfully improved. 

That day when the urinal was handed to him at various regular in- 
tervals he could void all right, but it was accompanied by no urgency, 
only by a sensation of numbness, and he couldn’t predict whether he 
would void an ounce or a pint. Memory doesn’t help much when that 
function, taken ordinarily for granted, fails. 

The second postoperative night the sweat was only dampening. 
Thereafter they were absent or too mild to be noticed. 

The first few postoperative days during those few minutes each day 
when the patient was turned on his unoperated side, dyspnoea was al- 
most suffocating. When he was on his back or operated side he noticed 
none. 

Although there was some discomfort in the region of the operated 
shoulder, the pain really didn’t come in earnest until the third night. 
Then his back began throbbing in the region of the wound, and the ad- 
jacent muscles that hadn’t been incised were lame. About every half 
hour he would make an attempt to relieve the pain by changing his 
position. This produced more discomfort but little else; for, to the large 
bandage on his back was now supplemented a shot bag of the general 
size and shape of a rolled up Sunday newspaper. These two articles 
effectively kept him in. his place. 

Part of the night wore on and he was feeling sick and irritable from 
pain and the lack of sleep, and his former resolve to take no pantopon 
broke down, then and there. He called for the drug. It was the 
first “hypo” that he ever received for the relief of pain. What a great 
drug it is. In a very short time he felt comfortably warm and rather 
hazy, a delightful haziness. Gradually, an itchiness appeared all over 
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his skin. He remembered promising himself that he would scratch it 
later, but before he ever got to it the night passed, nor does he remember 
having slept. But that didn’t annoy him because sleep would have 
robbed him of that pleasant hazy experience. It was as if, after much 
work, he had dropped exhausted on the bed, too tired to sleep, and had 
disintegrated into two people. The one who had pain was unimportant; 
the important, the conscious one was looking nonchalantly on and not 
minding it at all. 

On the fourth postoperative day, a small three-pound shot bag was 
cradled in the right subclavicular region. It later was accompanied by 
a severe headache in the right frontal and occipital regions. The patient 
had never been subject to headaches before, and the subsequent occur- 
rence of headache after wearing that shot bag, and a larger one later on, 
was noticed too frequently to be mere coincidence. There was some 
relationship of cause and effect between them. 

Saturday, two days postoperatively, he had his second enema. The 
following Monday he had his last. They confirmed his original opinion 
of them. They gripe—and that’s not slang. 

All during these first postoperative days, fruit juices were swallowed in 
abundance, amounting to about a quart a day. 

The big bandage was removed one week postoperatively, as were the 
skin sutures. The scar was a nice one. Naturally he was interested in 
trying to move his arm. There were definite weakness, soreness and 
limitation of motion, but he could move it surprizingly well. He roughly 
estimated it to have maintained about three fourths of its normal func- 
tion in all directions. Thereafter, each day, he grabbed hold of the steel 
bars at the head of the bedstead and worked his arm progressively further 
along it. Within a month postoperatively there were only stiffness 
and weakness, without any real limitation compared with the other side. 
Within six weeks all the stiffness had disappeared, and, except for definite 
weakness, the arm was quite normal. The weakness was especially 
marked when he held the arm out in front of him, particularly when he 
elevated it above the shoulder. 

Four days postoperatively, with the aid of a toe hold on the foot of the 
bedstead, he was able to sit up unassisted, but he didn’t feel quite well 
until ten days postoperatively. , 

Six weeks postoperatively the collapse as shown on X-ray film ap- 
peared to be excellent and it was decided that one stage of four ribs was 
all that he needed. The following week he returned home. 

One day he dropped his pencil under the bed and in an effort to regain 
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it had to get down on his knees and reach forward, upward and outward 
so that the scapula on the operated side was rotated far forward and 
elevated. He retrieved the pencil all right but the angle of the scapula 
somehow climbed over the fifth rib, and on its way back to its lowered 
position nestled inside the rib leaving him in little pain but greatly 
embarrassed. Slowly, he manipulated the scapula back into place. 

The scapula hasn’t locked since, perhaps due to the greater tone of the 
muscles, but when he hunches his shoulder far upward and forward he 
can still feel a bumping of the angle of the scapula as it goes over the 
fifth rib. 

Also, before the right pectoral muscles had regained much tone he 
could place his fingers in the depression left by the excised ribs and feel 
the muscles on the pleural side of the scapula, and could even push the 
scapula backwards. Now, some six months after the operation, this 
can no longer be done. 

As long as four months postoperatively, the patient could still feel 
very occasionally a vague pinching in the region of the scar and thought 
perhaps it was due to regeneration of the nerves. 

As events proceed, your chronicler hopes to continue to observe the 
result of this operation, and report more fully on its ultimate outcome 
after sufficient time has elapsed to properly evaluate its benefits and 
shortcomings. 


BCG VACCINE}? 
Its Preparation and the Local Reaction to Its Injection 
JOSEPH D. ARONSON, ERMA I. PARR anp ROBERT M. SAYLOR 


The protective value of BCG vaccine against tuberculosis in man has 
not been definitely established and the results claimed for this vaccine 
lack uniformity. This may be due, in part, to variations in the tech- 
nique used in maintaining stock cultures and to differences in the age and 
rate of growth of the culture, as well as to variations in the number of 
viable organisms and the dose and route of administration of the vaccine. 
The demonstration of allergy, following vaccination, is also dependent 
upon variable factors such as the dose and route of administration of the 
vaccine, the time elapsing after vaccination, the dose and potency of the 
tuberculin and the technique employed in tuberculin testing. It is 
difficult to estimate the réle that BCG vaccination plays in protecting 
man against infection with the tubercle bacillus because of the impos- 
sibility of determining definitely the degree of reinfection with tubercle 
bacilli of varying virulence, and because of the difficulty of estimating 
the natural resistance of the individual. 

In order to obtain more precise information on the preparation and 
protective value of BCG vaccine, the present study was carried out under 
controlled conditions on a population in its natural habitat, without 
modifying the mode of living or degree of exposure to tuberculosis. 

From February, 1936 to February, 1938, 1,565 persons ranging in age 
from one to nineteen years were vaccinated intracutaneously with BCG 
vaccine. During the same time, 1,460 persons of the same age and sex, 
living in the same area and under the same conditions, were injected with 
0.1 cc. of sterile physiological salt solution and served as controls. Before 
their inclusion in this study both the vaccinated and control groups had 
failed to react to the injection into the skin of 0.000,02 and 0.005 mg. 
of PPD. With few exceptions the chests of the members of the two 

1 From the Office of Indian Affairs, Department of the Interior, Washington, D. C., and 
The Henry Phipps Institute, University of Pennsylvania, Philadelphia, Pennsylvania. 

2 This investigation was aided by the National Institute of Health of the United States 
Public Health Service as part of a codperative study. 
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groups were X-rayed either before or shortly after they were vaccinated 
or included as controls. The members of both groups have been retested 
with the same preparation of PPD and X-rayed at yearly intervals. 

This study was conducted on different tribes of American Indians of 
varying degrees of blood admixture, living on the Gila River Reservation, 
Arizona, the Wind River Reservation, Wyoming, the Turtle Mountain 
Reservation, North Dakota, the Rosebud Reservation, South Dakota 
and on nonreservation Indians of southeastern Alaska. These Indians, 
living under widely different climatic conditions, are for the most part 
indigenous to their present locality. While they vary widely in their 
physical characteristics, dietary habits and social and economic patterns, 
their economic level is almost uniformly low. 


CULTURAL AND BIOLOGICAL CHARACTERISTICS OF BCG 


Of the 1,565 children vaccinated intracutaneously with BCG, 1,053 were 
injected with a vaccine prepared from strain number 317, while 512 received a 
vaccine made from strain 575. Strain 317 was received at the Henry Phipps 
Institute, Philadelphia, March, 1928 from Dr. M. J. King, Hegeman Labora- 
tory, Metropolitan Life Insurance Company, Mt. McGregor, New York. 
This culture was obtained by Doctor King from the late Dr. W. H. Park, New 
York City Board of Health Laboratory, and was a transplant from the culture 
received by Doctor Park in 1926 from Prof. A. Calmette, Pasteur Institute, 
Paris. Strain 575 was received by one of us in January, 1938 from Prof. M. 
Guérin, Pasteur Institute, Paris. Strain 317 has been kept under lock on a 
floor of the Phipps Institute which is not used for any other studies in bac- 
teriology or pathology. No other strain of tubercle bacillus or cultures of 
other bacteria have at any time been kept in the same room or incubator. 
Equipment and supplies used at the Henry Phipps Institute for studies on the 
BCG vaccine were new and their use was strictly limited to the maintenance 
of the BCG culture and the preparation of the vaccine. The stock strains 
were grown on potato soaked in veal infusion broth, and were subcultured 
upon this medium, at intervals of two weeks. After 10 transplantations the 
cultures were grown for 3 generations on potato soaked in beef-bile, containing 
5 per cent glycerine broth, when they were again transplanted to the bile-free 
potato medium. 

The colonial characteristics of strain 317 have been observed by one of us 
(JDA) since 1928. On potato soaked in glycerol-veal-broth, colonies visible 
to the naked eye appeared in from seven to ten days after inoculation. These 
colonies, at first cream colored, later changed to pale yellow and covered the 
surface of the medium. They appeared as elevated, dry, crumbly and irregu- 
lar masses. Magnified ten times the larger colonies were found to consist of 8 
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to 10 small rounded confluent colonies of waxy appearance, forming a morula- 
like mass. The centre of these colonies was translucent with a moth-eaten 
appearance, while the periphery was opaque and thickened. Upon potato 
media soaked in beef-bile containing 5 per cent glycerine the culture was 
slightly elevated and grayish, with a smooth, dull surface. Along the free 
borders large rounded colonies resembling drops of wax were present. On 
Sauton’s medium with a pH of 7.2 to 7.3 a thin, pale yellow, wrinkled film, 
covering about one-third to one-half of the surface, was noted seven to ten 
days after inoculation. At the end of the second week this film, in most 
instances, had spread over the surface and extended for a short distance along 
the sides of the flask. It was frequently observed that after the sixth or 
eighth generation on Sauton’s medium the BCG culture grew poorly. The 
colonies were fused, and the film, which had a mesh-like, dry appearance, 
sank readily when wet by the culture medium. In addition to these types of 
growth there were also observed, from time to time, slowly growing, small, dry, 
grayish, rounded colonies with hollow centres resembling doughnuts. When 
transplanted to Sauton’s medium these colonies either failed to grow or grew 
very slowly. At times the three types of growth occurred in the same flask, 
but more frequently only two types were present. 

The BCG strain 575, which was received January, 1938 from Prof. Guérin, 
Pasteur Institute, Paris, presented the same cultural characteristics on potato 
as did strain 317. On Sauton’s medium this strain dissociated into discrete 
rounded, waxy colonies which sank readily when touched, and flat, dry, mesh- 
like white or pale yellow colonies with irregular edges, which rapidly covered 
the surface of the medium. 

The avirulence of these strains of BCG was determined, at intervals, by 
injecting 30 mg. of each culture into the peritoneal cavity of normal guinea 
pigs. These animals were kept under observation for three to four months, 
when they were killed and necropsied. Up to the present time neither one of 
these two cultures has produced any evidence of generalized tuberculosis in 
any of the inoculated animals. 


We have had no proof of any increase in the virulence of the BCG 
culture. The possibility that prolonged cultivation on artificial media 
may lead to a loss or modification of the antigenic properties of the 
culture cannot be denied. To estimate the efficacy of the vaccine we 
have determined, from time to time, its protective value on animals. 
Normal guinea pigs injected subcutaneously with 5 mg. of BCG vaccine 
were reinfected six weeks later, either intratracheally with approximately 
100 virulent bovine type tubercle bacilli, or subcutaneously with either 
0.01 or 0.001 mg. of a virulent human type culture of tubercle bacillus. 
Concurrently an equal number of unvaccinated guinea pigs were infected 
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by the same route and with the same amount of culture. The vac- 
cinated as well as the unvaccinated control animals were killed and 
necropsied six weeks later. Aronson (1) found that BCG-vaccinated 
guinea pigs reinfected intratracheally with virulent tubercle bacilli show 
fibrous or fibrocaseous hilar lymph nodes, as well as a small number of 
fibrous or fibrocaseous tubercles in the internal organs, but no micro- 
scopically demonstrable tubercle bacilli. On the other hand, among the 
unvaccinated control animals the hilar nodes were caseous, extensive 
tuberculosis with softening was observed in the internal organs and 
lymph nodes, and microscopical examination revealed numerous tubercle 
bacilli. When the vaccinated guinea pigs were injected subcutaneously 
with virulent tubercle bacilli, scant tuberculosis of the internal organs 
was observed and the regional lymph nodes had thin milky fluid in the 
centre. Among the control animals, similarly infected, extensive tuber- 
culosis of the internal organs and lymph nodes was observed and the 
regional lymph nodes were caseous. 


PREPARATION OF BCG VACCINE 


In order to control the preparation of the BCG vaccine and to have 
available a uniformly fresh supply, vaccine was prepared as needed at 
each reservation. A mobile laboratory, containing the necessary equip- 
ment, chemicals, incubator and other supplies, was organized and was 
transported from place to place by car. To avoid all possibility of 
contamination with virulent tubercle bacilli it was considered advisable 
to establish the laboratory in a school house rather than in the local 
hospital. No sputum or other material suspected of being contaminated 
with tubercle bacilli or other bacteria was permitted in the laboratory, 
and no other strain of tubercle bacillus or cultures of any other bacteria 
were kept in our possession. All supplies and equipment used in the 
course of this investigation were new and their use was strictly limited 
to the cultivation and preparation of the BCG vaccine. 

The stock BCG strain was cultured as previously described. For 
preparing the vaccine the culture was transplanted from the bile-free po- 
tato medium to the surface of Sauton’s synthetic medium, where it was 
grown for varying periods of time. 

Of the 13 preparations of vaccine used in this study, 7 were made 
from strain 317 and 3 from strain 575, all grown on Sauton’s medium, 
while 3 preparations were made from strain 317 grown on potato soaked 
in veal-infusion broth. Vaccine was prepared from cultures grown at 
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38°C. for from seven to thirty days. The bacillary growth was collected 
from the surface of the culture medium by means of a heavy platinum 
wire and the excess fluid was removed by placing the bacillary mass 
between several layers of sterile filter paper. The bacillary mass was 
weighed on a sterile platinum foil, and was ground in a sterile agate 
mortar until it formed a thin uniform paste. Sufficient sterile physio- 
logical salt solution was added, gradually, to make the desired concen- 
tration. More recently we have prepared the vaccine by grinding the 
bacillary mass in a sterile round-bottom glass flask containing stainless 
steel balls approximately 4 mm. in diameter (2), and gradually adding 
the required amount of sterile salt solution. This simple modification 
has facilitated the preparation of the vaccine and minimized the danger 
of contamination. 

The absence of contaminating organisms in the vaccine was determined 
by inoculating 2 cc. of the vaccine into Dunham tubes containing one 
per cent dextrose broth. The BCG vaccine was then distributed in vials 
packed in a vacuum jar containing ice, and used within three days, al- 
though most of the injections were made within the first twelve hours. 
In Alaska it was found more practical to prepare the vaccine at Juneau 
and fly to the different villages so that the vaccinations could be com- 
pleted within three days. 


TECHNIQUE OF VACCINATION 


With few exceptions, vaccination with BCG vaccine was made in from 
two to three weeks after the person failed to react to the intracutaneous 
injection of 0.000,02 and 0.005 mg. PPD. Ina small number of cases a 
period of from four to five weeks elapsed between the tuberculin testing 
and vaccination. 

The preliminary procedure used for the administration of the vaccine 
consisted of painting the skin over the region of the right deltoid muscle 
with tincture of iodine, followed three to five minutes later by washing 
this area with 95 per cent ethyl alcohol. When the skin had dried, 0.1 
cc. of the vaccine, containing either 0.1 or 0.15 mg. of the BCG culture, 
was injected slowly into the dermis by means of a sterile tuberculin 
syringe and a 26-gauge platinum needle. An attempt was made to make 
these injections as uniform as possible, but differences in the texture of 
the skin, as well as variations in the depth of injection, may have con- 
tributed to the variations in size and appearance of the resulting nodule. 

The site of the injection was examined forty-eight hours later for 
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evidence of a Koch phenomenon as a further check on the tuberculin- 
negative state’of the subject, and subsequent examinations were made 
at weekly intervals until the ulcer had healed. Of the 1,565 persons 
injected with the BCG vaccine, the Koch phenomenon was observed in 
only 5 instances. In 3 of these the injection of BCG vaccine was made 
because of mistaken identity, in tuberculin-positive cases. In the re- 
maining 2 cases a period of five weeks had elapsed between the time of 
tuberculin testing and vaccination. One of these 2 cases died from 
miliary tuberculosis two months after vaccination, while the other case is 
alive. In both instances there is the possibility that the negative tuber- 
culin reaction occurred during the preallergic period or that infection 
with virulent tubercle bacilli happened subsequent to the tuberculin test. 
In no instance did the introduction of the BCG vaccine in tuberculin- 
positive or in any of the tuberculin-negative cases elicit any untoward 
local or general reactions. 


REACTION FOLLOWING BCG VACCINATION 


The character and intensity of the local inflammatory reaction induced 
by the intracutaneous injection of BCG vaccine was not modified by sex, 
degree of Indian blood or constitutional type. It was noted, however, 
that the reaction was less marked among the younger children of pre- 
school age, and that, in general, the ulcers healed more promptly among 
those living in Arizona than among those in Alaska. 

In general, comparable types of inflammatory reaction and ulceration 
were induced by vaccine lots 1 to 7 inclusive, and 11 to 13 inclusive, 
while less marked inflammatory reaction was noted following the in- 
jection of the same amount of vaccine from lots 8 and 9. 

The intracutaneous injection of either 0.1 or 0.15 mg. BCG vaccine 
was followed forty-eight hours later by the appearance of a sharply 
defined nodule measuring about 4 mm. in diameter and 1 mm. in height. 
During the first two weeks after vaccination the local inflammatory 
reaction became less marked, while the nodule gradually increased in 
size to an average of 6 mm. Three to four weeks after vaccination 
there was observed a rapid increase in the size of the nodule, and in many 
instances a definite central area of softening was palpable. Ulceration 
occurred by the fourth week in approximately 75 per cent of cases and 
persisted for from four to eight weeks. A sense of fulness in the axilla 
of the vaccinated side and a dull aching pain at the site of injection 
were the subjective symptoms noted in a large number of cases. With 
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the onset of ulceration and the establishment of drainage, pain at the 
site of injection and the sense of fulness in the axilla disappeared. In 
about 5 per cent of the cases enlargement of the regional lymph nodes 
along the anterior axillary fold was noted. In no instance did the 
lymph nodes ulcerate, nor did the local ulcer ever require surgical inter- 
vention. In the vast majority of cases healing was completed approxi- 
mately twelve weeks after the injection of the BCG vaccine, leaving a 
depressed soft scar measuring from 5 to 10 mm. in diameter. 


Fic. 1. Ulcerative lesion six weeks after intracutaneous injection of 0.15 mg. BCG (prep- 
aration number 2, page 653). For detailed description see page 658. 

Fic. 2. Soft nodular lesion six weeks after intracutaneous injection of 0.15 mg. BCG 
(preparation number 2, page 653). A minute ulcer is present, not visible in the photograph. 
For detailed description see page 658. 


We have observed, under comparable conditions of dose, preparation 
of vaccine, climate, tribe and degree of Indian blood, that definite varia- 
tions in the intensity and character of the local reaction follow the in- 
jection of BCG vaccine. These variations may be due in part to 
differences in individual resistance or to a lack of uniformity in the 
administration of the vaccine, although all of the injections were made 
by one of us, who exercised care in making the injections as uniform as 
possible. It was noted, forty-eight hours following the injection, that 
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the character of the local inflammatory reaction differed. In some 
instances the resulting nodule was sharply defined, deep and, with 
increasing time, hard and shotty to the touch, while in other instances 
the inflammatory reaction was diffuse, firm, gradually merged into the 
surrounding tissue and was at no time sharply defined. With the de- 
velopment of ulceration, additional differences were observed. In 
approximately 40 per cent of cases the ulcer appeared as a sharply defined, 
punched out, more or less circular lesion resembling a syphilitic chancre. 
The walls and base of the ulcer were covered by granulation tissue, the 
margins were not undermined and the ulcer tended to heal promptly 
(figure 1). In the remaining 60 per cent of cases there was softening in 
the centre of the diffuse nodule, followed by the appearance of an ulcer 
approximately 1 mm. in diameter, from which, on pressure, there escaped 
thick, grayish white and, at times, blood-streaked pus. The ulcer 
gradually enlarged and the lesion resembled the typical tuberculous ulcer 
with its undermined edges and small crater-like opening. This type of 
lesion persisted for a long time, healed more slowly and resulted in larger 
scars than did the ulcers described previously (figure 2). 

Preparations made from the pus of the different lesions, when stained 
by the Ziehl-Neelsen method, revealed large numbers of polymorpho- 
nuclear cells, occasional large mononuclear cells and a few small lympho- 
cytes. Clumps of uniformly staining acid-fast bacilli, some of which 
were phagocyted by polymorphonuclear cells, were seen. Smears made 
from these ulcers at weekly intervals showed a decrease in the number of 
polymorphonuclear cells, and a gradual increase in the mononuclear cells, 
with a marked increase of fibrin, but no conspicuous increase in the num- 
ber of small lymphocytes. The number of acid-fast bacilli in the exudate 
decreased rapidly, and in preparations made six to eight weeks after 
vaccination the bacilli were found to be faintly staining and granular. 
Contaminating bacteria were not observed in the exudate in association 
with the acid-fast bacteria until after the disappearance of the latter 
organism, when staphylococci and other cocci were observed in a small 
number of cases. 


VARIATIONS IN ANTIGENICITY OF VACCINE 


The effects of age of the culture, dose and number of generations on 
bile-free medium on the antigenicity of the BCG vaccine were determined 
by comparing the percentage of vaccinated children who reacted to 
tuberculin one year and two years after vaccination with the different 
preparations of vaccine. 
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While we have employed the tuberculin reaction as a criterion of the 
antigenicity of the vaccine, we do not imply that allergy and immunity 
are necessarily identical. 

The effectiveness of BCG vaccine is dependent upon the number of 
viable organisms present in the vaccine; the number of such organisms 
decreases with the increasing age of the culture. The age of the cultures 
used in preparing the vaccine ranged from seven to thirty days. It 
will be observed from table 1 that the age of the culture, as far as can be 
determined from this study, influences neither the sensitivity to tuber- 
culin, as indicated by the reaction to the two different doses, nor the total 
number of positive reactions. 

That the attenuation of the original virulent bovine strain of tubercle 
bacillus resulted from the addition of beef bile to the culture medium is 
the view expressed by Calmette and Guérin (3). However, despite the 
loss of virulence, the antigenicity and ability to produce tuberculin on 
suitable medium remained unaltered. In order to maintain these bio- 
chemical properties, they recommended that the BCG culture be trans- 
ferred for from 2 to 3 generations on beef-bile-potato media after growing 
for 10 generations on bile-free media. 

The ability of BCG vaccine prepared from cultures grown on bile-free 
media, to induce allergy, was investigated. It will be noted in table 1 
that the growth of the BCG culture on bile-free media for from 2 to 7 
generations was not related to the incidence of positive tuberculin reac- 
tions. In addition, the characteristics of the local reaction induced by 
the intracutaneous injection of vaccine preparations number 1 to 7 and 
11 and to 13 inclusive were not conspicuously different. This indicates 
that the avirulence of the culture used in these studies was not affected 
by transplanting on bile-free media for a varying number of generations. 

The effect of varying amounts of BCG vaccine on the local reaction 
has been studied by several investigators. Wallgren (4) found that the 
intracutaneous injection of 0.25 mg. of BCG vaccine produced suppura- 
tion of the regional lymph nodes, that the injection of 0.1 mg. caused 
suppuration of the nodes in but 1 of 27 children and that 25 children of 
this group subsequently became tuberculin-positive. He concluded, 
therefore, that 0.1 mg. BCG was the optimum dose for the intracutaneous 
route of injection. Kereszturi, Rosenberg and Park (5) found that the 
highest percentage of tuberculin reactions was obtained among those 
injected intracutaneously with 0.15 mg. BCG vaccine, while larger doses 
favored the production of cold abscesses without materially increasing 
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the incidence of tuberculin-positive cases. In this study we have in- 
jected intracutaneously either 0.1 or 0.15 mg. of BCG vaccine. The 
local inflammatory reaction resulting from these doses was not conspicu- 
ously different: although the immediate inflammatory reaction to the 
larger dose was somewhat more severe, the resulting ulcer and scar were 
in general comparable in character and in size to those from the smaller 
dose. The results of the tuberculin tests one and two years after vaccina- 
tion with the different amounts of BCG vaccine are presented in table 2. 
Since vaccines number 8, 9 and 10 were prepared from cultures grown on 
veal-broth-potato, they are considered separately. It will be observed 
from table 2 that approximately 4 per cent more of those injected with 
0.1 mg. BCG vaccine prepared from cultures grown on Sauton’s medium 
reacted one and two years after vaccination to both doses of tuberculin 
than did those injected with 0.15 mg. of vaccine similarly prepared. 
That the injection of 0.15 mg. of the vaccine produced a higher degree 
of sensitivity one year after vaccination is evident, since 8 per cent more 
of this group reacted to the injection of 0.000,02 mg. PPD than did those 
injected with 0.1 mg. of the vaccine. Since a total of 93.3 per cent of 
those injected intracutaneously with 0.1 or 0.15 mg. BCG vaccine re- 
acted to tuberculin one year later and since in our experience none de- 
veloped suppuration of the regional lymph nodes, it would seem that 
either dose of vaccine may be safely used. 

The relative value of vaccines prepared from cultures grown on 
Sauton’s synthetic medium and from veal-broth-potato medium was 
compared, again using the tuberculin reaction as a criterion. It was 
found (table 1) that in those vaccinated with either preparations 1 to 7 
or 11 to 13 inclusive, all prepared from cultures grown on Sauton’s 
medium, sensitivity to tuberculin resulted one year later in from 92.6 
to 100.0 per cent of cases. On the other hand, among those vaccinated 
with preparations 8 and 9, prepared from cultures grown on veal-broth- 
potato medium, 61.8 and 84.1 per cent respectively reacted to tuberculin, 
while the number injected with preparation number 10 was too small 
to be statistically significant. It will be observed (table 2) that, while 
the injection of 0.15 mg. of vaccine prepared from cultures grown on 
Sauton’s medium induced allergy in 95.0 per cent of cases, the injection 
of a similar amount of vaccine from.cultures grown on veal-broth-potato 
medium induced allergy in 77.4 per cent of individuals. 

The greatest percentage of positive tuberculin reactions was observed 
among those injected with vaccines prepared from actively growing 
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TABLE i 
Duration of allergy and relation to different preparations of BCG vaccine 
TESTED ONE YEAR AFTER VACCINATION 
GENERA- Retested |. 5% |S Retested 
VACCINE] AGE OF | TIONS AMOUNT 
NUMBER! CULTURE INJECTED NATED o8 

LE 
Num-| P | Num- 
ber | cent | ber 

& 

Ry 
1 14 days 7 0.15 mg. 88 81] 92.1] 48.2 | 44.4 | 92.6 72 
2 21 days 7 0.15 mg. 169 153) 90.5) 61.4 | 33.3 | 94.7 143 
3 30 days 3 0.15 mg. 101 91) 90.1) 59.3 | 36.3 | 95.6 96 
4 i4 days 3 0.15 mg. 115 106) 92.2} 39.6 | 59.5 | 99.1 110 

5 7 days 6 0.1 mg. 12 12/100.0} 33.3 | 66.7 |100.0 12/100.0 
6 13 days 7 0.1 mg. 170 165} 95.3] 41.8 | 56.4 | 98.2 162 
7 16 days 2 0.15 mg. 97 92} 94.8] 13.1 | 80.4 | 93.5 95 
8* | 17 days 4 0.15 mg. 127 123) 96.8] 13.8 | 48.0 | 61.8 120 
9* | 17 days 5 0.15 mg. 164 160) 97.6] 15.6 | 72.5 | 88.1 154 
10* | 21 days 7 0.15 mg. 10 10/100.0} 50.0 | 50.0 10/100.0 

11 21 days 2 0.1 mg. 268 254] 94.8] 37.8 | 61.0 244 
12 19 days 3 0.1 mg. 29 28] 96.6] 46.4 | 53.6 28 
13 10 days 4 0.1 mg. 215 206} 95.8] 35.4 | 64.6 200 
1,565 |1,481] 94.7] 36.6 56.7 1,446 
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cultures, and while the number injected with preparation number 10 
prepared from veal-broth-potato medium is small, yet it is significant 
that the growth in this instance was more rapid and more profuse than 
that present in the culture used for preparing preparations 8 and9. The 
local reaction following the injection of the last two preparations was 
conspicuously mild. Ulceration was noted in 19.6 per cent of those in- 
jected with lot number 8 vaccine and in 44.8 per cent following lot number 
9. In contrast, ulceration was noted in all cases injected with the other 
preparations of vaccine. 


TABLE 2 
The relation of the tuberculin reaction to BCG grown on various media and to dose of 
vaccine 
Q | RETESTED RETESTED 
ONE YEAR | POSITIVE | POSITIVE TWO POSITIVE | POSITIVE 
< | arrer |ro 0.000,02| To 0.005 YEARS AF-/TO 0.000,02| To 0.005 
& | vaccina- | mo. PPD | mc. PPD TER VAcci-| uc. PPD | mc. PPD : 
AMOUNT 8 TION NATION 
INJECTED | 5 
0.1 mg. (a) 694; 665) 95.8) 255 | 38.3) 404 | 60.7] 659) 99.0) 646) 93.2) 406 | 62.8] 233 | 36.1] 639 [98.9 
0.15 mg. (a) | 570} 523) 91.8) 241 | 46.1) 257 | 49.1) 498) 95.2) 516) 90.5) 197 | 38.2) 292 | 56.6) 489 |94.8 
0.15 mg. (b) | 301) 293) 97.3) 47 | 16.1) 180 | 61.4) 227) 77.4) 284/ 94.5) 89 | 31.3) 134 | 47.2) 223 |78.5 
1,481 


(a) Vaccine numbers 1 to 7 inclusive and 11 to 13 inclusive were prepared from cultures grown on Sauton’s 
medium. 
(b) Vaccine numbers 8 to 10 inclusive were prepared from cultures grown on veal-broth-potato medium. 


DURATION OF ALLERGY 


The reports dealing with the duration of allergy following the injection 
of BCG vaccine vary widely. Debré, Lelong and Pictet (6) found that, 
of 297 infants vaccinated orally and not in contact with known cases of 
tuberculosis, 97 per cent were tuberculin-positive during the five years 
of observation. Brinckmann, quoted by Kayne (7), found that, of 15 
children vaccinated intracutaneously, 13 were tuberculin-negative two 
years later. Kayne (7) analyzed the records of over 2,000 infants vac- 
cinated orally by Weill-Hallé. He found that the percentage of positive 
Pirquet reactions decreased gradually in both contact and noncontact 
groups. Kereszturi, Rosenberg and Park (5) observed that, one year 
after the intracutaneous injection of BCG, 75 per cent of their cases were 
tuberculin-positive, that after two years 45 per cent were positive and 
that after three years only 42 per cent reacted. 
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In the present study the persistence of the tuberculin reaction follow- 
ing vaccination with different preparations of BCG vaccine is shown for 
yearly intervals in table 1. It will be noted that, in general, the per- 
centage of the tuberculin-positive reactors remains uniformly high during 
this period of observation. Among those receiving lot number 1 vac- 
cine, 5 per cent fewer reacted to tuberculin after three years. With lot 
number 2 vaccine, a decrease of 6 per cent occurred two years after 
vaccination, while the percentage of tuberculin-positive cases three years 
after vaccination was the same as that noted after one year. It is 
possible that variations in the tuberculin reactions may be due to loss 
of allergy as well as to allergy resulting from a superimposed natural 
infection with tubercle bacilli. It is noteworthy that, despite the low 
antigenicity of vaccines number 8 and 9, the percentage of those who 
reacted to tuberculin has remained almost constant during the two years 
of observation. The tuberculin reactions have been compared in 1,389 
cases observed for two years following vaccination. In 38.8 per cent 
the intensity of the reaction remained unchanged, in 39.7 per cent the 
reaction was more intense in character, in 21.6 per cent the degree of 
reaction was less marked, and in 35, or 2.5 per cent, it became doubtful 
or negative. Of the 35 who yielded a doubtful or negative reaction, 18 
had previously been graded as two-plus or three-plus to 0.005 mg. PPD, 
14 had shown a one-plus reaction to 0.005 mg. of this tuberculin, 2 a 
one-plus reaction to 0.000,02 mg. and one a three-plus to 0.000,02 mg. 

Many investigators have used the Pirquet method for the determina- 
tion of allergy after BCG vaccination. However, it is less sensitive than 
the intracutaneous test. Aronson, Zacks and Poutas (8) tested 4,011 
persons with potent Old Tuberculin, using simultaneously the Pirquet 
and intracutaneous tests on each person. They found that 2.9 per cent 
more reacted to the intracutaneous injection of 0.01 mg. of tuberculin 
than to the Pirquet test and that 19 per cent of those who failed to react 
to the Pirquet test reacted to the injection of 1.0 mg. of tuberculin. 
Repetition of the Pirquet test yielded 0.8 per cent additional positive 
reactions. They concluded that the Pirquet test was approximately 
equal to the intracutaneous injection of 0.01 mg. tuberculin. 

Aronson, Parr and Saylor (9) found that of 1,482 persons ranging in 
age from one to nineteen years, vaccinated intracutaneously one year 
previously with BCG vaccine, 1,383, or 93.3 per cent, reacted to the 
intracutaneous injection of either 0.000,02 or 0.005 mg. PPD. Of these, 
39.3 per cent were positive to 0.000,02 mg. and 60.7 per cent to 0.005 
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mg. With the Pirquet test the 60.7 per cent would probably not have 
been detected. 

Although the potency of the tuberculin used by different investigators 
is not usually stated, this information is essential in view of the marked 
variation in the potency of Old Tuberculin prepared by different insti- 
tutions and commercial laboratories. The dose of PPD used in these 
studies was standardized in the initial investigations on this product 
against a sample of Old Tuberculin prepared by a commercial laboratory 
(10). Samples of this Old Tuberculin had been used extensively by 
Aronson (11) and by Wells and Smith (12) in epidemiological studies in 
the United States and in Jamaica. The potency of this preparation had 
been determined by the method of Lewis and Aronson (13, 14) using 
Old Tuberculin prepared by the United States Bureau of Animal In- 
dustry as an arbitrary standard. At the same time, one of us (JDA) 
determined the relative potency of a sample of the International Stand- 
ard Tuberculin obtained from the Serum Institute, Copenhagen, a sample 
of Old Tuberculin kindly furnished us by the late Prof. W. Kolle from the 
Staatsinstitut fiir Experimentelle Therapie, Frankfurt a.M. and tuber- 
culin prepared by the United States Bureau of Animal Industry. It 
was found that the Old Tuberculin prepared by the Staatsinstitut was 
the most potent tuberculin; the tuberculin prepared by the Bureau of 
Animal Industry and the tuberculin prepared by the commercial labora- 
tory were equally potent but slightly weaker than the Frankfurt tuber- 
culin. The International Standard tuberculin was definitely less potent 
than the other preparations. 


DISCUSSION 


The character of the local tissue response to the injection of tubercle 
bacilli may be indicative of the resistance of the individual to this disease. 
Lewis and Loomis (15) found that the injection of virulent tubercle 
bacilli into the skin of a strain of inbred guinea pigs resistant to tubercu- 
losis was followed by the appearance of a sharply defined nodule. The 
ulcer which followed was dry, shallow and punched out and was sur- 
rounded by firm tissue. On the other hand, inbred guinea pigs from a 
family with little resistance to tuberculosis, when similarly infected, 
reacted by the formation of an ill defined lesion followed by ulceration 
which was more extensive, deeper, with soft oedematous margins and 
undermined edges. ‘The differences in the local reaction were found to 
agree with the general resistance of the animals. One of us (JDA) 


BCG VACCINE 665 


has made comparable observations on two different breeds of rabbits. 
The New Zealand red rabbit injected intracutaneously with bovine 
tubercle bacilli developed a sharply delimited nodule and an ulcer which 
tended to heal, while the Dutch breed of rabbits, similarly injected, 
developed a diffuse lesion and extensive ulceration. These differences 
in the local lesions were correlated with aerated and the extent of 
visceral tuberculosis. 

Levine (16) found that 47.3 per cent of Negro, 41.7 per cent of Puerto 
Rican and 24.3 per cent of white children injected intracutaneously with 
0.15 mg. of BCG vaccine developed inguinal abscesses. These lesions 
developed more promptly among the Negro and Puerto Rican children 
than among the white children. Goodwin and Schwentker (17) ob- 
served that the intramuscular injection of heat-killed tubercle bacilli 
induced cold abscesses in 43 per cent of the colored children and in 8 
per cent of white children. Wallgren (4) noted marked variation in 
individual susceptibility to the intracutaneous injection of the BCG 
vaccine. 

Similarly we have found that Indians injected intracutaneously with 
BCG vaccine differ widely in their local response and that these differ- 
ences resemble those observed by Lewis and Loomis (15) in their inbred 


stock of guinea pigs. It has not been possible to correlate these varia- 
tions in the lesions with differences in tribe, degree of Indian blood, sex, 
physical type, climate or diet. 

Further observations over a period of years will be necessary to de- 
termine whether or not, in man, the local response to the injection of 
BCG vaccine possesses prognostic value in determining resistance to 
tuberculosis. 


SUMMARY 


1. BCG vaccine injected intracutaneously over the deltoid region of 
1,565 Indians ranging in age from one to nineteen years produced no 
untoward local or general reactions, and in no instance was abscess forma- 
tion or ulceration of the regional lymph nodes observed. 

2. The local tissue response to the intracutaneous injection of BCG 
vaccine varied in different individuals. The relationship of the char- 
acter of the local tissue reaction to resistance to tuberculosis is being 
studied. 

3. One year after vaccination, 93.3 per cent of 1,481 persons reacted 
to the intracutaneous injection of either 0.000,02 or 0.005 mg. PPD. 
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Two years after vaccination 93.3 per cent of 1,446 who were retested 
were tuberculin-positive, and three years after vaccination 95.3 per cent 
of 619 persons reacted. 

4, The antigenicity appeared to be influenced by the rate of growth of 
the culture used in preparing the vaccine, but was not related to the age 
of the culture nor to the number of generations that the culture had been 
grown on bile-free medium. 

5. Because of marked variation in the results obtained by different 
investigators, it is suggested that the mode of preparation of BCG 
vaccine and the determination of the resulting allergy be made uniform. 

6. The BCG vaccine used was prepared in a field laboratory and was 
used within three days. Marked differences in the colonial character- 
istics of the BCG culture were noted in the same flask of Sauton’s 
medium. No evidence of progressive tuberculosis was observed in 
guinea pigs injected either subcutaneously or intraperitoneally with 
30 mg. of the BCG culture. 
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VITAMIN C IN PULMONARY TUBERCULOSIS: 


ALBERT KAPLAN anpd MARIAN E. ZONNIS 


The work described in this paper is designed to answer the following 
questions: 


1: Are the patients at Robert Koch Hospital deficient in vitamin C? 

2: If so, does their degree of deficiency bear any relation to the severity of the 
tuberculosis? 

3: Will oral administration of synthetic vitamin C result in adequate absorp- 
tion of the vitamin? 

4: Will correction of vitamin-C deficiency, if such be found, over a period of 
six months result in any demonstrable changes in the progress of tuberculous 
patients as judged by the usual clinical criteria of progress? 


Work with vitamin C in tuberculosis previously reported may be 
classified as follows: 


1: Experiments in vitro (1, 2,3). Briefly, these workers have shown that the 
tubercle bacilli either do not grow on media containing vitamin C, even in 
very low concentrations, or that their growth characteristics are somewhat 
altered. 

2: Experiments on guinea pigs (4, 5, 6, 7, 8, 9, 10, 11, 12, 13). The general 
impression that one gains from the reported results is that a condition of 
chronic scurvy shortens the survival period of guinea pigs suffering with 
chronic tuberculosis. While a few workers report increased resistance to 
tuberculosis in guinea pigs fed with large amounts of vitamin C, others dispute 
this contention. 

3: Experiments in man (14, 15, 16, 17, 18, 19, 20, 21). Most authors agree 
that there is a deficiency of vitamin C in tuberculous patients. Some have 
shown a rough parallelism between the severity of the tuberculosis and the 
degree of vitamin C deficiency. 


1From Robert Koch Hospital, Hospital Division, Department of Public Welfare, St. 
Louis, Missouri. 

2 This work was made possible by a generous grant from Merck and Company. 

8 Read before the Trudeau Society of St. Louis, January 5, 1939. 
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Although a number of workers have reported on the therapeutic effects 
of adequate vitamin-C intake on human tuberculosis, we consider their 
results entirely inconclusive for the following reasons: 


1: Too few patients were studied. 

2: Studies were not carried out over long enough period of time. 

3: The use of controls was inadequate. 

4: Unsatisfactory criteria were used, such as, gain in weight, improved appe- 
tite, general improvement. We know that the vast majority of tuberculous 
patients when placed in a sanatorium gain in weight and improve subjectively 
on ordinary hospital routine. 


The approach used by Radford, de Savitch and Sweany (20) meets 
the above listed objections admirably; however, their study limits itself 
almost exclusively to the effect of adequate vitamin-C intake upon the 
various blood elements. We have decided to carry out a similar study 
on the effect of vitamin C upon the ordinary clinical criteria whereby the 
progress of a tuberculous patient is usually judged. The progress of a 
patient is measured by his temperature, weight, sputum (amount; 
positive or negative), red cells, differential count, X-ray findings and, 
finally, subjective symptoms. In our present study we were interested 
in determining if all, or at least some, of the above listed factors could be 
significantly altered by an adequate vitamin-C intake for a period of 
six months. 

Two hundred and forty‘ patients with chronic pulmonary tuberculosis 
were selected at Robert Koch Hospital (see table 1). One-half of these 
were placed in the experimental group and the other half used as controls. 
Each patient in the experimental group was matched with one in the con- 
trol group with respect to race, sex, age, stage of disease and treatment 
received. Great care was taken to have the two groups as nearly alike 
as possible; 55 per cent of the cases were receiving pneumothorax, 
22 per cent had phrenic paralysis while 7 per cent had thoracoplasty. 
The number of patients receiving a given type of collapse therapy was 
nearly equal in both groups. The largest number were far advanced 
cases, a smaller number were moderately advanced, while a few had min- 
imal tuberculosis. 

Blood plasma concentration of vitamin C (using the method described 
by Farmer and Abt (22)) was determined on both groups of patients, as 


‘ Thirty-eight patients left the institution before the termination of this study. Our 
report includes 202 patients—only those who remained for the entire period. 
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TABLE 1 


202 patients who remained in the hospital for the entire six months’ period of study, one-half 
receiving vitamin C, the other half observed as controls 


WHITE MALE WHITE FEMALE NEGRO MALE NEGRO FEMALE 


Experi-| Con- | Experi-| Con- | Experi-| Con- | Experi-| Con- 
mental} trol | mental| trol | mental; trol | mental/ trol 


Far advanced 19 19 28 27 (|, 19 18 10 10 


Moderately advanced 5 4 11 12 Z 4 3 3 
Minimal 1 2 1 i 0 0 1 1 


TABLE 2 
Blood plasma levels of vitamin C (in mg. per cent) in tuberculous patients and in a group of 
jifty nurses 


PATIENTS® 


Negro Negro - Far 
male female advanced 


Before vitamin C was 
given 
Lowest .10 
Highest ‘ 1.50 
Average .49 


One month after admin- 
istration of 200 mg. 
of vitamin C daily 

Lowest 
Highest 
Average 


After six months of con- 
tinued vitamin-C 


intake 
84 ‘ 90 j .76 


1.56 1.92 24 1.93 
1.30 : 1.39 1.18 1.46 


* The initial determinations were done on 240 patients and included the experimental as 
well as the control group. The second and third determinations were done on the experi- 
mental group only. There is no reason at ail to suppose that any important changes in the 
blood vitamin-C level of the control group had occurred during the period of study since 
these patients continued with the same diet as they had before the determinations were made. 


well as on a group of 50 nurses employed at the hospital (who eat ap- 
proximately the same type of diet as our patients do). (See table 2.) 
It is more or less generally accepted that a plasma concentration of 
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.70 mg. per cent is the lower limit of normal. We have found a great 
variation in the plasma levels of vitamin C, ranging from as low as .12 
mg. per cent to as high as 1.93 mg. per cent. This variation occurred in 
all groups under consideration: healthy nurses, far advanced and moder- 
ately advanced tuberculous patients, Negroes as well as whites. Even 
some of our nurses who are apparently in excellent health have shown 
values as low as .20 mg. per cent, while some of the far advanced tuber- 
culous patients had plasma levels as high as 1.5 mg. per cent. However, 
if we accept .70 mg. per cent as the lower limit of normal, we find that, 
while 60 per cent of our nurses showed normal values, only 39.6 per cent 
of our moderately advanced patients and only 20 per cent of our far 
advanced patients showed values of .70 mg. per cent or higher (see table 


TABLE 3 
Percentages of individuals with subnormal* and normal plasma levels of vitamin C among nurses, 
moderately advanced and far advanced patients before and after 200 mg. of vitamin C daily 
were added to the diet 


PERCENTAGE OF INDIVIDUALS PERCENTAGE OF INDIVIDUALS 
WITH SUBNORMAL VITAMIN C WITH NORMAL VITAMIN C VALUES 
VALUES (.12 TO .68 MG. PER CENT) (.79 TO 1.93 MG. PER CENT) 


Tuberculous patients Tuberculous patients 


Mode- Far Mode- Far 


Original values 60.4 80 39.6 20 
After six months of daily intake of 
200 mg. vitamin C 0 2.6 100 


* .70 mg. per cent is commonly accepted as the lower limit of normal. 


3). When our values were averaged, the results indicated the same 
tendency, the average for the nurses being .78 mg. per cent, for the 
moderately advanced patients .70 mg. per cent, and for the far advanced 
patients .42 mg. per cent. Moreover, the lowest average obtained was 
among Negro males, while the highest average was among white female 
patients. The former group is notoriously the sickest group in our in- 
stitution, while the latter, as a group, is at the other more favorable end 
of the scale. There seems to be then in average a rough parallelism 
between the severity of the tuberculosis and the degree of the vitamin-C 
deficiency, although it must be kept in mind that many apparently 
healthy individuals show subnormal vitamin-C blood levels. 

The patients in the experimental group were given 200 mg. of synthetic 
vitamin C (Cebione—Merck) orally in four divided doses daily for a 
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TABLE 4 
Clinical result following a six months’ period of administration of 200 mg. of vitamin C daily 
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EX- 
PERI- 
MENTAL 


CON- 
TROL 


Weight 
Number of patients showing 
ing gain 
Average gain per patient in 


Temperature 
Number of patients showing 


Number of patients showing 
increased amount 

Number of patients begin- 
ning and ending with 
positive sputum 

Number of patients begin- 
ning with positive and 
ending with negative 


Subjectively 
Number of patients feeling 
better generally 


Red blood count 
Number of patients showing 
increase 


Percentage of staff cells in the 
Schilling count 
Number of patients showing 
decrease 


Lymphocyte percentage in 
the Schilling count 
Number of patients showing 
increase 


X-ray 
Number of patients showing 
improvement 


39 


29 


Number of patients showing 
ing loss 
Average loss per patient in 


Number of patients showing 
decreased amount 

Number of patients begin- 
ning and ending with nega- 
tive sputum 

Number of patients begin- 
ning with negative and 
ending with positive 


Number of patients showing 
decrease 


Number of patients showing 
increase 


Number of patients showing 
decrease 


Number of patients showing 


10 


period of six months. 
after one month’s administration of the vitamin in order to determine 


Blood determinations for vitamin C were repeated 
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whether or not adequate absorption was taking place. We found that 
in the vast majority of cases the plasma concentration had increased to 
values that are generally considered to be well within normal limits. 
A third determination was made on each patient in the experimental 
group near the termination of the experiment, and we found that the 
plasma concentration of vitamin C continued to be satisfactory. We 
were satisfied then that the patients in the experimental group had 
their vitamin-C deficiency corrected for a period of six months, at least. 

Table 4 shows the final results after an adequate intake of vitamin 
C for a period of six months in 101 patients (19 of the original 120 had 
left the institution during the period of study, and their 19 controls were 
dropped from consideration) of the experimental group, and these are 
compared with the group of controls. 

The treated group showed no significant change in red cells, staff 
cells, lymphocytes, temperature or weight, as compared with the con- 
trols. As regards sputum conversion, the treated group has done con- 
siderably worse than the untreated. On the other hand, subjectively 
and roentgenologically, the experimental group seems to have done 
considerably better. Although the percentage of those in the treated 
group shows an improvement roentgenologically, we are hesitant in 
drawing any enthusiastic conclusions from it in view of the great diffi- 
culty often encountered in judging changes in the X-ray plate on pa- 
tients receiving pneumothorax and other forms of collapse therapy. 
Moreover, in two groups of patients, that is, Negro males and Negro 
females, the control group did as well roentgenologically as the experi- 
mental group. We are even less inclined to place too great an emphasis 
on the differences in the subjective symptoms of the two groups, knowing 
that this factor is the least reliable of all the factors studied. 


CONCLUSIONS 


1. By present known standards and by comparison with a group of 
healthy individuals, patients with chronic pulmonary tuberculosis show 
a deficiency in vitamin C. 

2. The vitamin-C concentration in the blood can be raised in most 
patients to normal levels by oral administration of synthetic vitamin. 

3. After correcting what appeared to be a vitamin-C deficiency for a 
period of six months in a group of 101 patients, no significant favorable 
effects could be noted as judged by the usual clinical criteria, when com- 
pared with a group of controls. 


VITAMIN C IN PULMONARY TUBERCULOSIS 
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THE VOCATIONAL REHABILITATION OF THE 
TUBERCULOUS! 


A Preliminary Report 
GRACE H. CARLSON anp DONALD H. DABELSTEIN 


Although within recent years there has been recognition of the need 
for adequate after-care and vocational rehabilitation of discharged tuber- 
lous patients, the development of adequate facilities for such services has 
not kept pace with or parallelled medical progress in the treatment of 
this group. The vocational rehabilitation of the tuberculous has not 
only been grossly neglected, but many of the attempts have been carried 
on in a haphazard, incidental manner by untrained personnel. It is the 
opinion of the authors that applied psychology should focus its attention 
upon the necessity for scientific study of the vocational adjustment of 
these individuals and that in this field lies an opportunity for psycholo- 
gists to contribute to the conservation of human resources. 

The most extensive program of vocational rehabilitation of the tuber- 
culous in Minnesota has been developed at Glen Lake Sanatorium. 
Superior sanatorium facilities are supplemented by an educational pro- 
gram carried on by the Adult Education Department of the Minneapolis 
Schools. 

The rehabilitation program at this institution is based on the assump- 
tion that rehabilitation of the tuberculous is a complex process involving 
the total welfare of the individual. A person who enters the Sanatorium is 
more than a diseased patient. His social, economic, mental and spiritual 
needs continue as before. The process of vocational rehabilitation be- 
gins as soon as the patient has recovered sufficiently to engage in some 
activity. The rehabilitation planning is carried on through the staff 
clinic in order that all of the patient’s activities may be directed toward 
a vocational goal. . 

Participants in the staff clinic are the physician in charge of the case, 
the directors of the Social Service, Occupational Therapy, Library and 
Education Departments of the Sanatorium, the director of Adult Educa- 


1 From Glen Lake Sanatorium, Oak Terrace, Minnesota. 
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tion Department of public schools and the director of Vocational Re- 
habilitation who is a member of the Division of Vocational Rehabili- 
tation of the State Department of Education. Case data furnished by 
all the divisions represented is supplemented by the results of aptitude, 
interest and intelligence tests given by the rehabilitation counselor. The 
committee, on the basis of these data, makes plans for the rehabilitation 
of each individual. Until the patient is discharged all academic, pre- 
vocational and vocational training is carried on in the Sanatorium through 
the Adult Education Department. When the patient is able to leave the 
Sanatorium and requires further training to attain his vocational object- 
ive, the Rehabilitation Division arranges and pays for a suitable training 
program. All Minneapolis cases entering training, after discharge, are 
cleared through the Minneapolis Department of Public Health. Dis- 
charged patients who are unable to maintain themselves may live at the 
Boarding Home maintained by the Hennepin County Tuberculosis Asso- 
ciation while taking this training. 

Beyond the well integrated efforts of all the above agencies, there are 
numerous instances in which problems are such that one or more social 
agencies, not primarily concerned with the tuberculous, also play some 
part in carrying out plans for the individual’s rehabilitation. 

Space does not permit a detailed presentation of the wide variety of 
services rendered or made available by each department in the complete 
rehabilitation program.? Suffice it to say, however, that emphasis is 
placed on the integration of these services in terms of the individual’s 
needs rather than the particular services rendered by any department. 

The purpose of this report is to indicate the present status of 322 dis- 
charged Glen Lake patients who were provided with some type of voca- 
tional rehabilitation service in the period from July 15, 1935 to May 15, 
1939.2 No attempt has been made to establish a definite control group. 
The large number of variables together with the complexities of the 
disease itself makes the establishment of an adequate control group an 
impossibility at the present time. 

In order to permit a broad distinction in the types of service rendered, 
the 322 cases have been divided into three groups: group 1 includes 
those who were in need of and were provided with additional vocational 
training by the Vocational Rehabilitation Division after discharge from 

2 These services are fully described in the annual reports of the Glen Lake Sanatorium. 


3 July 15, 1935 is the date when the present Division of Vocational Rehabilitation Coun- 
selor at the Sanatorium was appointed. 
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the institution; group 2 includes those cases who have been advised by 
the rehabilitation counselor after discharge and are now active clients of 
the Division of Vocational Rehabilitation. Some of these clients are, at 
time of this report, awaiting training, others are not able to undertake 
training at the present time and a few are in need of employment only. 
Group 3 includes cases who were counseled relative to their vocational 


TABLE 1 
Stage of disease on admission and reason for discharge of 322 former Glen Lake patients 


ARY 


GROUP 1 
PER CENT ADULT PULMONARY 
2 
PER CENT ADULT PULMON 
croup 3 
PER CENT ADULT PULMONARY 
TOTAL 
PER CENT ADULT PULMONARY 


AND PLEURISY 
| TOTAL PER CENT 
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AND PLEURISY 
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AND PLEURISY 
| TOTAL PER CENT 


| NUMBER 


Stage of Disease 
Pulmonary: 


Moderately advanced 

Far advanced 

Stage undetermined 
Pleurisy with effusion 


Childhood type 
Extrapulmonary............ 


Reason for Discharge 
Recommended 84 
Acquiesced to 14 
Against advice 15 
Disciplinary 6 

2 


100 116 121 100322) 


problems while in the Sanatorium but have not been in need of the ser- 
vices of the Division of Vocational Rehabilitation since discharge. 

The stage of disease on admission and the reason for discharge for all 
groups are presented in table 1. Eighty-five and nine-tenths per cent of 
the cases in the three groups were diagnosed as moderately and far ad- 
vanced on admission. In spite of the excellent Sanatorium facilities 
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available and the comprehensive program of early diagnosis carried on 
within the county, the majority of patients are unfortunately in a moder- 
ately or far advanced stage on admission. Table 1 also shows that only 
a small percentage of cases left against advice or were discharged for 
disciplinary reasons. 

The median number of months since discharge is 31.7, 30.9 and 19.3 
for groups 1, 2 and 3 respectively. The median number of months for 
the total group is 25.9. Group 3 includes only those cases discharged 
since 1935, hence the smaller median number of months since discharge. 
It is commonly recognized that the first two years represent the most 


TABLE 2 


Educational work taken in the Sanatorium 


! 
GROUP 1 GRouP 2 GRouP 3 TOTAL 


Number! Per cent Number Per cent Number Per cent; Number Per cent 


Education Received in Sana- 
torium 
Elementary school subjects. . . 
High school subjects 
Commercial 


Shoe repairing 
Sewing and cooking 
2 


100 | 116 100 


critical period for ex-patients, the period during which the largest number 
of deaths, break-downs or readmissions occur. 

The distribution of ages for each group is quite similar. The ages in 
group 1 range from twenty to fifty-five, group 2 fifteen to fifty-nine, and 
group 3 fifteen to sixty-five. The median ages are thirty, thirty-two and 
thirty-one for groups 1, 2 and 3 respectively and thirty-one for the entire 
number. Group 3 includes 2 cases beyond sixty years of age. Group 2 
includes one case and group 3, 2 cases less than twenty years of age. 

The data in table 2 indicate the type of education taken and the number 
enrolled for each group during their Sanatorium stay. It is significant 
to note that of the total number of cases only 20 per cent failed to take 
advantage of the educational facilities available at the institution. Many 
however were able to complete the remainder of their high school program 
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and a few patients took a complete high school program while confined 
at the institution. 

The vocational training programs arranged for 85 patients after dis- 
charge are shown in table 3. Ninety-three per cent of these patients had 
taken some type of educational work in the Sanatorium and fully 85 per 


TABLE 3 


Types of vocational training taken after discharge by 85 former Glen Lake patients from July 15, 
1935 to May 15, 1939 


PER CENT 


Commercial 53 


Trades: 
Air conditioning 
Beauty culture 
Building construction 
Dressmaking 
Electricity 
Machine shop 
Painting 
Power machine 


Shoe repairing 
Tailoring 
Typewriter repair 


3 
1 
1 
6 
3 
5 
1 
3 
3 
1 
2 
1 


Professional: 
Business administration 
Commercial art 
Journalism 
Medical drawing 
Teaching 
X-Ray technician 
9 11 
85 100 


cent of the training programs arranged after discharge were continuations 
of programs started at the Sanatorium. The data indicate that the 
tuberculous are capable of engaging in a wide variety of occupations. 
Many patients are able to return to their former occupations. These 
patients are often assisted, however, with review or “brush-up” courses. 
Such programs may often be taken in the Sanatorium or, if they are not 
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available, are arranged for by the Division of Vocational Rehabilitation 
after discharge at suitable schools. 

Other patients who are already prepared for employment commensu- 
rate with their abilities and physical conditions require assistance in 
obtaining employment after discharge. The Division of Vocational Re- 


TABLE 4 
Vocational status of 322 former Glen Lake patients as of May 15, 1939 


GROUP 1 GROUP 2 Group 3 
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Unemployed: 
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habilitation does not maintain an employment agency but codperates 
with the State Employment Service in placing discharged patients. The 
réle of the rehabilitation counselor is to interpret the patient’s physical 
condition, interests, abilities and aptitudes to the employment service 
and other placement agencies in order to assist in the process of returning 
the discharged patient to a suitable job. 
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The data in table 4 indicate the present vocational status of each group 
as of May 15, 1939. It is encouraging to note that 37 per cent of the total 


TABLE 5 


Table showing the work capacity of discharged Glen Lake patients accepted for vocational 
rehabilitation service, July 15, 1935 to May 15, 1939 
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* 8 reported as doing their own housework—able to work full-time; 8 reported as doing 
their own housework—no definite work capacity. 


group are engaged in some type of remunerative employment. This 
average is somewhat higher, 42 per cent, for those trained after discharge, 


TOTAL 
Num-| Per 
ber | cent 
4 10} 3 
18 18 6 
82 
8 9 
3 13 
9 
27 
36 
ra 0 | 3 
71 | 205 
1 
0 
1 
0 
Awaiting physical restoration..........| 0 
2 
0 
In other institutions..................] 0 | 3 | 1 
18 | 32| 66; 21 


REHABILITATION 681 


than for groups 2 and 3, 36 and 34 per cent respectively. The percentages 
of those unemployed and interested in obtaining employment are 13, 33 
and 29 for groups 1, 2 and 3 respectively with an average of 23 per cent 
for the total group. The present economic conditions rather than the 
physical condition of the client is undoubtedly responsible for much of 
this unemployment. It should be kept in mind that housewives, students 
in training or awaiting training as well as those not interested in employ- 
ment are not on the labor market and consequently cannot be considered 
as unemployed. 

The data in table 5 were included to reveal the work capacity of the 
groups at the time of follow-up. Sixty-three per cent of the total group 
are able to engage in full-time employment whereas only 20 per cent are 
unable to work at the present time. 


CASE REPORTS 


SPONTANEOUS AIR EMBOLISM! 


Observed in a Case of Pneumoperitoneum 
FREDERICK C. WARRING, Jr. AND R. M. THOMAS 


Pneumoperitoneum has been used as a diagnostic procedure since 1902, 
as a therapeutic measure for abdominal tuberculosis since 1909, and from about 
1933 to the present day for the treatment of pulmonary tuberculosis. Numer- 
ous writers have recognized air embolism as a hazard associated with the use 
of pneumoperitoneum, but only a few such accidents have been reported (1, 
2). The incidence of air embolism in cases of pneumoperitoneum is not 
known, but the small number of reported cases suggests that this complication 
occurs no more frequently than in the use of pneumothorax. 

Air embolism almost always occurs because the needle is inserted directly 
into a blood vessel. If the quantity of air injected is sufficient, the patient 
experiences symptoms immediately. 

The following case of fatal air embolism is reported because of several in- 
teresting and unusual features. Pneumoperitoneum had been maintained 
satisfactorily for eighty-four days, during which time the patient had received 
seventeen injections of air. The last injection was as well tolerated as the pre- 
vious ones, and death did not occur until the fourth day following the refill. 


The patient, J. T., was a fifty-five year old white male. He had been employed 
in various jobs, but during the years 1918 to 1928 had worked as an iron molder 
with heavy exposure to dust. His present illness dates from 1938 when he 
noted cough and expectoration and loss of weight. A diagnosis of pulmonary 
tuberculosis was made in May, 1939. He was admitted to the Laurel Heights 
Sanatorium in September, 1939, where a diagnosis was made of pulmonary 
tuberculosis, far advanced C, involving all lobes, with early arteriosclerosis and 
mild hypertension. X-ray films of the chest on admission were similar to the 
films taken five months before, and showed infiltration on the right to the 
fourth rib, with a giant cavity at the apex and diffuse mottling from the fourth 
rib to the base. The left lung showed moderate infiltration from the apex to 
the fourth rib and eighth vertebral spine, with no definite cavity. The X-ray 


1 From the Laurel Heights State Sanatorium, Shelton, Connecticut, and the Department 
of Pathology, Yale University School of Medicine, New Haven, Connecticut. 
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picture was not characteristic of silico-tuberculosis. The sputum was positive 
for tubercle bacilli, Gaffky IV. Blood studies and urinalysis were negative. 
Kline diagnostic test was negative. 

The patient was put on bed-rest. In October, 1939 an attempt was made to 
induce right pneumothorax. After insertion of the needle and before the 
machine could be turned on, the patient had a slight tonic convulsion, rolled 
his eyes, and lost consciousness. Breathing became stertorous. The needle 
was withdrawn immediately and the patient recovered completely within a 
minute or two, with no sequelae. Resistance to the passage of the needle 
indicated a thick, adherent pleura and no further attempt at pneumothorax 
was made. It was felt at the time that the patient had had a small air em- 
bolism. 

Pneumoperitoneum was instituted on December 5, 1939, thirty days after a 
temporary right phrenicectomy. The latter operation resulted in a 2.6 cm. 
rise of the right diaphragm with complete paralysis. The total rise of the dia- 
phragm after the pneumoperitoneum was well established was 5.2 cm. (figure 
1). The patient stood the procedure well and exhibited no untoward symp- 
toms. ‘The initial injection of air and the first few refills were made just below 
the costal margin at the lateral border of the left rectus muscle. Subsequent 
refills were given through the eighth interspace in the right anterior axillary 
line. The patient received about 600 cc. of air each week. On the average, 
initial pressure readings on a water manometer were —1, +2, and final readings 
were +5, +8. 

Some clinical and subjective improvement occurred, with diminution 
both in the amount of sputum and the frequency of coughing. The sputum 
remained positive for tubercle bacilli. A rise in temperature to 101° F., asso- 
ciated with some pleural pain, occurred on January 12, 1940. Fever and symp- 
toms disappeared within three days. No further clinical changes were noted 
until the night before death, eighty-four days after the institution of the 
pneumoperitoneum. ‘The sixteenth refill was given without incident on Febru- 
ary 22,1940. The patient was comfortable during the ensuing three days. On 
the night of the 26th he is said to have been restless and to have been nau- 
seated. On the morning of the 27th he vomited at 6:00 a.m. and again at 
11:00 a.m. He did not complain of any abdominal pain, diarrhoea or dysp- 
noea. While waiting for his noon meal, he attempted unsuccessfully to vomit. 
Following a brief tonic convulsion, he exhibited alternating flushing and pallor 
of the face and stertorous breathing. Respiration became labored,and the 
patient expired five minutes after the onset of these symptoms. At no time 
was there any paralysis, incontinence or cardiac irregularity. 


AUTOPSY PROTOCOL. 


The autopsy was performed four and one-half hours after the death of the 


patient. i 
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Gross examination: The body is that of a well developed and well nourished 
white male. There is moderate cyanosis of the lips and oral mucous mem- 
branes. There is no subcutaneous emphysema. The anterior abdominal wall 
is tense and somewhat tympanitic in the upper quadrants. The remainder of 
the external examination is essentially negative. Air under slight tension is 
released on opening the abdomen. A free space between the anterior and 
lateral surfaces of the right lobe of the liver and the parietal peritoneum is not 
immediately occupied by redistribution of the viscera. A similar space is 
found between the fundus of the stomach and the left dome of the diaphragm. 
The parietal peritoneum in the midepigastrium is unusual in appearance. 
The surface is covered by innumerable small, translucent, raised nodules 
which measure approximately 0.3 mm. in diameter. These are firm, im- 
movable, and give to the surface a sandy consistency. This change in the 
serosal surface is confined almost entirely to the parietal serosa and to that 
part of the peritoneum associated with the air pocket. The serosa covering 
the intestine is unchanged. The peritoneal fluid is not increased in amount, 
is straw-colored and serous in character. Delicate fibrous adhesions extend 
from the right lobe of the liver to the perirenal tissue; these are markedly 
vascular. 

Examination of the peritoneal tissues reveals numerous air bubbles trapped 
in the subserosal connective tissue of the parietes, in the falciform ligament 
and in the greater omentum but not in the adhesions described above. No 
portal of entry for this interstitial air is found. 

On opening the thoracic cavity the right lung is completely adherent to 
the parietal pleura. The left lung lies free except for a small group of fibrous 
adhesions at the apex. The pericardial sac is opened; the fluid is not increased 
in amount and is straw-colored and serous. Air bubbles are seen in the lumina 
of several coronary veins. No other adventitious air is found in the thoracic 
cavity. 

The heart weighs 300g. It is not dilated, the musculature is firm and shows 
no scarring. There are no endocardial or valvular lesions. 

The pleural surfaces of both lungs are deeply pigmented. Both lungs are 
crepitant anteriorly and collapsed with entry of air into the thorax. The left 
lung weighs 575 g. A 2.0 cm. cavity containing a gray mucopurulent material 
is seen in the upper lobe. The wall of this cavity is relatively thin. The 
surrounding parenchyma is deeply anthracotic. The remaining lung tissue 


Fic. 1 (top). Chest roentgenogram after establishment of artificial pneumoperitoneum, 
with elevation of the right diaphragm. (Initial right phrenicectomy.) 

Fic. 2 (center). Photomicrograph of one of the granulations found on the peritoneal 
surface. 

Fic. 3 (bottom). Photomicrograph of parietal peritoneum and underlying muscle, showing 
the splitting of the granulation tissue on the peritoneum by an air bubble. 
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is involved by a nodular fibrosis, characterized by very firm, jet-black, spheri- 
cal nodules about 6 mm. in diameter, which show no architectural detail. The 
hilar lymph nodes are extraordinarily firm and black. The right lung presents 
an entirely similar picture. There is a cavity in the upper lobe, measuring 3 
x 5x5 cm. It contains a thin mucopurulent material. This lung weighs 
1,000 g. 

The remainder of the viscera show no gross changes, save for a somewhat 
distended and obstructed appendix, containing a small amount of purulent 
material. There is no periappendicitis nor peritoneal reaction. 

When the calvarium is opened and the pia-arachnoid exposed, many air 
bubbles are seen in the pial veins. There is no thickening of the meninges, 
nor is there any exudate. The external examination of the brain reveals no 
flattening of the convolutions or other evidence of increased intracranial pres- 
sure. Sections made through the brain at several levels show no focal lesions. 

Histological examination: The sections prepared from various portions of the 
two lungs reveal a picture typical of a silicosis of long-standing with associated 
anthracosis and fibroulcerative tuberculosis. 

The serosal surface of the parietal peritoneum is covered with granulation 
tissue, the cellular components of which include lymphocytes, plasma cells, 
eosinophile leucocytes and fibroblasts. There is evidence of metaplasia of 
the serosal mesothelial cells. The isolated small nodules of tissue (figure 2) 
represent focal accumulations of cells not differing from those of the more dif- 
fuse layer of cells in the granulations. A portion of the parietal peritoneum 
and underlying muscular tissue, in which an air bubble was found, is illustrated 
in figure 3. The air has split the granulation tissue to form a pocket. Histo- 
logical examination of the other viscera reveals no significant changes. 

No bacteriological studies were made. 

Anatomical diagnosis: Pulmonary tuberculosis and silicosis (bilateral) ; cavities 
in upper lobes (bilateral) ; fibrous pleural adhesions (right); pneumoperitoneum; 
air bubbles in the retroperitoneal areolar tissue, omentum, coronary veins and 
pial veins (clinically—air embolism); chronic peritoneal serositis with nodular 
mesothelial proliferation; suppurative appendicitis. 


DISCUSSION 


The terminal signs manifested by the patient on the one hand and the finding 
of air bubbles in the coronary and pial veins on the other establish the diag- 
nosis of fatal air embolism. Although the actual point of entry of the air into 
the vascular system could not be demonstrated, two possible ways in which the 
embolism might have occurred suggest themselves. First, and most likely, 
attempts by the patient to vomit may have so increased the intraibdominal 
pressure that air ruptured through the peritoneum and into a blood vessel. 
Second, the air of the last refill might have been injected into the delicate ad- 
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hesions described in the region of the liver and the upper pole of the right kid- 
ney and escaped from there into the subserosal connective tissues. Free 
manometric readings before and after the last refill, absence of any symptoms 
immediately following the injection, and an interval of four days preceding 
death, are all strong evidence against this latter possibility. 

The histological changes in the peritoneal tissues are similar to but not iden- 
tical with the findings of Trimble, Eaton and Moore (3) who described a series 
of cases of pneumoperitoneum. The general cellular reaction of the tissues to 
injected gases has been described by Wright (4). It is unlikely that these 
serosal reactions have any clinical significance. 


SUMMARY 


Fatal air embolism in a fifty-five year old white male is described. Seven- 
teen successive weekly refills of air had been made into the peritoneum. Death 
occurred suddenly, four days after the last injection. The autopsy findings 
are presented. 
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ACCIDENTAL PNEUMOTHORAX DURING PNEUMOPERITONEUM 
TREATMENT! 


ANDREW L. BANYAI anp GEORGE H. JURGENS 


Since 1931 when the administration of air into the peritoneal cavity for 
artificial pneumoperitoneum through the subdiaphragmatic route was begun 
at this institution there were cases in which, following the insertion of the 
needle, its point did not reach the subdiaphragmatic area but the intrapleural 
space only. Consequently, the injection of air produced an artificial pneumo- 
thorax instead of the intended pneumoperitoneum when there were no oblitera- 
tive pleural adhesions. When the needle used for injection is introduced 2 
to 3 cm. above the costal margin it may be difficult to judge the exact location 
of its point. The inferior reflection of the parietal pleura is on a considerably 
lower level than the corresponding margin of the lung. The former crosses 
the seventh sternocostal articulation, the eighth costochondral junction in 
the mammary line, the tenth rib in the midaxillary line and the spinous process 
of the twelfth thoracic vertebra. The left lower reflection of the pleura 
follows a slightly lower level than the right. In patients who previously 
have not been treated with pneumoperitoneum the manometer of a standard 
pneumothorax machine connected with the needle registers a subatmospheric 
pressure both in the pleural cavity and in the subdiaphragmatic area. It 
must be also remembered that the subdiaphragmatic and intrapleural pres- 
sures fluctuate synchronously and in the same direction during respiration. 
Thus the subatmospheric subdiaphragmatic pressure, like the intrapleural 
pressure, becomes more negative on inspiration and less negative on expiration. 

In the patient reported herein the site of injection was three fingers’ breadth 
below and to the left of the umbilicus. Here, therefore, was no possibility 
for puncturing the pleura and to inject air directly into the intrapleural space; 
still, an incidental pneumothorax followed the injection of air into the peri- 
toneal cavity. 


F. D., aged fifty-three years, had a far advanced pulmonary tuberculosis, 
involving ali lobes. His pulmonary tuberculosis was treated by artificial 
pneumoperitoneum from April 12, 1937 to November 1, 1938. Treatments 
were given at weekly intervals until September 6, 1937, and two weeks or ten 
days apart from then on. The amount of single injections varied from 500 cc. 


1 From the Muirdale Sanatorium, Wauwatosa, Wisconsin, and the Department of Medi- 
cine, Marquette University School of Medicine, Milwaukee, Wisconsin. 
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of air at the beginning to 1,250 cc. in December, 1937, and to 1,500 cc. in 
April, 1938. On April 22, 1938 the injection was made lateral to and below 
the umbilicus. Following the intraperitoneai injection of 1,000 cc. of air, the 
manometer readings were +12 on inspiration and +10 on expiration. The 
patient felt well when he walked out of the operating room and also during the 
next hour while he was working in the occupational therapy shop. One and 
a half hours after the injection, while resting in his quarters, he noticed pain 
in the right chest at the level of the third rib near the sternum. At the same 
time he became very dyspnoeic. Immediate roentgenoscopic examination 
revealed the following findings: there was a one-third collapse of the right lung 


Fic. 1 Fic. 2 
Fic. 1. Chest film during pneumoperitoneum treatment prior to accidental pneumo- 
thorax. Note the wide air pocket underneath both domes of the diaphragm. 
Fic. 2. Chest film at the time of accidental pneumothorax. Note small air pockets under- 
neath the domes of the diaphragm. Arrows indicate pneumothorax. 


caused by the presence of air in the pleural cavity; there was a 5 cm. air pocket 
under the left dome of the diaphragm and a 1.3 cm. air pocket under the right 
dome. The pressure in the right pleural cavity was measured; it was —5 
on inspiration and +4 on expiration; 500 cc. of air were aspirated from the 
pneumothorax. Following this the manometer readings were —8 and 0. 


Because of the fact that there was no injury to the diaphragm during 
treatment, the air from the peritoneal cavity must have entered the pleural 
space indirectly. Previously, one of us (1) reported 2 instances where the air 
followed the same route, but the train of events and the direction of the move- 
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ment of the air were just the reverse, namely, following artificial pneumothorax 
treatment, an incidental pneumoperitoneum developed, although the di- 
aphragm was not perforated. In these 2 patients the air passed through 
one of the diaphragmatic openings along structures passing from the thoracic 
into the abdominal cavity. In the present instance it is assumed that when 
air reached the mediastinum along the large structures it forced its way 
through a point of least resistance into the pleural space and caused a pneumo- 
thorax that was demonstrable on roentgenoscopic and roentgenographic ex- 
amination. 

Previous pneumoperitoneum films of this patient show an air pocket under 
the dome of the diaphragm 9 cm. in width on the left side, and. 5.2 cm. on the 
right side. After the patient recovered from the effect of this incident, and the 
pneumoperitoneum treatment was resumed, the width of the air pocket was 
9 cm. in the left subdiaphragmatic area and 5 cm. in the right subdiaphrag- 
matic area. The great difference in the thickness of the subdiaphragmatic 
air pocket before, after and at the time of this incident indicates the escape of 
air from the peritoneal cavity. 

It was demonstrated by Macklin (2) that experimentally induced pneumo- 
mediastinum may cause pneumothorax. He writes that when air was in- 
sufflated into the superior mediastinum the wall of the mediastinum, par- 
ticularly that part behind and below the level of the heart root, was seen to 
widen very markedly each time a jet of air was injected, before it was liberated 
through the rupture of the pleura; the latter led consequently to the appearance 
of pneumothorax. 


REFERENCES 


(1) Banyat, A. L.: Direct and indirect pneumoperitoneum incidental to artificial pneumo- 
thorax, Am. J. M. Sc., 1933, 186, 513. 

(2) Mack, C. C.: Pneumothorax with massive collapse from experimental over-inflation 
of the lung substance, J. Canad. M. A., 1937, 36, 414. 


DISSEMINATED TUBERCULOSIS OF THE SKELETON! 
WILLIAM H. KELLEY anp SEATON SAILER 


The simultaneous occurrence of tuberculous processes in several different 
parts of the skeleton is distinctly uncommon. In the recorded instances, the 
lesions usually arose in the shafts of the tubular, or in the flat bones. They 
were hyperplastic in histological character, appeared cyst-like on X-ray ex- 
amination and pursued an indolent clinical course. 

Jiingling (1) described 9, and from the literature cited 46 other cases of 
multiple cystic lesions of the phalangeal, and occasionally the cuneiform, 
cuboid, ulnar and nasal bones which he attributed to tuberculosis (osteitis 
tuberculosea multiplex cystica), although the bacteriological proof was incom- 
plete. Subsequently, however, Stalmann (2) has reported a child with 
similar phalangeal lesions from which he was able to recover tubercle bacilli. 

Multiple tuberculous lesions appearing in the large long bones, Van Alstyne 
and Gowen (3) reported in an adult with involvement of one humerus, radius 
and ulna. Schwentker (4) recorded an infant with lesions in one ulna and 
fibula. Among 6 cases of bone tuberculosis reported by Hodges (5), one was 
in a child with lesions in one femur, radius and the skull. In this case as in 
those above, tubercle bacilli from the osseous lesions were demonstrated by 
guinea pig inoculation. 

The object of this paper is to report the clinical and postmortem findings in 
a case of tuberculosis in an adult with wide-spread skeletal involvement in 
which the differential diagnosis presented certain features of unusual interest. 


Case Report 


A Negro laborer, twenty-four years of age, was admitted to Roper Hospital, 
November 7, 1938, with the chief complaint of pain in the neck and spine of 
three weeks’ duration. The onset occurred seven weeks prior to entry with 
fleeting pain in the hips and knees which subsided within a month under topical 
home remedies. During the three weeks just before admission he developed 
intermittent aching pain in the neck and midspine, which rapidly became con- 
stant and severe, so that he was confined to bed for the last ten days of that 
period. The remaining details relating to the present illness cannot be ac- 
curately dated but from the onset his appetite and strength began to fail. 
Soon afterward he became feverish and had night sweats. Shortly before 


1 From the Departments of Medicine and Pathology of the Medical College of South Caro- 
lina, Charleston, South Carolina. 
691 


i 
j 
{ 
i 
q 


692 WILLIAM H. KELLEY AND SEATON SAILER 


admission he developed a dry hacking cough. The family, personal and past 
medical histories were not contributory. 

Physical examination showed a sparingly developed, acutely ill, Negro 
male adult with evidence of recent weight loss, who was mentally clear and 
lay rigidly in bed. Temperature, 38°C.; pulse, 108; respirations, 30; blood 
pressure, 128/82; weight, 58 kilograms. The body habitus was arresting in 
that the spine appeared shortened with flattening of the normal lumbar curve; 
the costal borders were low and the abdomen protuberant. When up, he 
walked on a broad base. The mucous membranes were pale. The neck was 
stiff but Brudzinky’s sign was negative; there was tenderness of the nape, par- 
ticularly on the right. The thorax was deep and the sternum prominent. 
Breathing was costoabdominal and the respiratory excursion limited, par- 
ticularly on the left, where pleural friction was palpable and audible over the 
lower portion of the axilla. The lungs were fully resonant but a few crackling 
inspiratory rales were persistent over both bases. The spine was held rigid 
and straight throughout and Kernig’s sign was positive bilaterally. There 
were no further abnormalities. 

Accessory clinical examinations revealed 9.5 g. per cent of haemoglobin; 
red cells, 3,840,000. Haematocrit studies proved the anaemia to be of the hypo- 
chromic normocytic type. The erythrocytes exhibited no tendency to auto- 
agglutination. White cell count was 13,000. Differential count: polynu- 
clears 76 per cent, monocytes 14 per cent, lymphocytes 10 per cent. Serum 
calcium 11.0 mg. per cent, serum phosphorus 3.3 mg. per cent, serum albumin 
4.54 g. per cent, serum globulin 4.94 g. per cent, total serum proteins 9.48 g. 
per cent. The urine was negative except for the presence of strong traces of 
Bence-Jones protein which were demonstrated in repeated specimens. Phenol- 
sulphonphthalein excretion, 20 per cent (130 cc.) in 40 minutes, 40 per cent 
(165 cc.) in 80 minutes. The spinal fluid, under pressure of 190 mm. of water, 
was clear and contained 8 cells (95 per cent lymphocytes) per cmm.; the am- 
monium sulfate test for globulin was three-plus; and the colloidal gold read 
1142321000. The Wassermann reaction of both blood and spinal fluid was 
negative. The Mantoux test was four-plus with a 1:1000 solution of Old 
Tuberculin. 


Fic. 1 (top). Lateral view of skull showing areas of rarefaction in the frontal and parietal 
bones. 

Fic. 2 (second row). Anteroposterior view of the right femur showing a cystic area of 
bone destruction in the middle third of the shaft. 

Fic. 3 (third row). Anteroposterior view of the upper thorax showing destructive areas 
in the right transverse process of the seventh cervical vertebra, the right clavicle, and both 
scapulae. 

Fic. 4 (bottom). Anteroposterior view of the lower thoracic and lumbar vertebrae, and 
the lower ribs showing rarefied areas in the eleventh and twelfth right and the eleventh left 
ribs and destruction of the right transverse process of the fourth lumbar vertebra. 
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X-ray examination of the lungs showed slight increase of the bronchovascu- 
lar markings but no evidence of parenchymatous disease in either lung. Films 
of the skeleton disclosed multiple punched-out areas of bone destruction from 
0.5 to 1.0 cm. in diameter in the frontal and parietal bones of the skull (figure 1) 
and in the shafts of both femurs (figure 2). Similar but larger destructive 
areas were present in the medial third of the right clavicle, the eleventh and 
twelfth right, and the seventh and eleventh lett ribs, and both scapulae (figures 
3 and 4). The bodies of the tenth dorsal, and the fourth lumbar vertebrae 
(figure 3) likewise showed signs of rarefaction and partial collapse. The right 


Fic. 5. Photomicrograph X42. A section from a destructive area in the eleventh right rib 
illustrating the histological changes common to all osseous lesions. 


transverse processes of the seventh cervical (figure 3) and the fourth lumbar 
vertebrae (figure 4) were almost completely eroded. Unfortunately films of 
the carpal and tarsal bones were not obtained. 

The course of the patient ‘in the hospital was characterized by persistent 
fever, and a progressive decline in weight and strength. The pain and stiffness 
of the spine slowly abated so that at the end of four weeks he was able to move 
about freely without discomfort. The cough continued and became productive 
of a small amount of clear sputum which was negative for tubercle bacilli on 
several examinations. Repeated X-ray examinations of the chest revealed no 
appreciable changes from the first. In the fourth week tenderness and swelling 
appeared over the seventh left rib laterally in the axilla at the site of the pleural 
friction. A small section of this diseased rib was removed at biopsy and a 
discharging sinus persisted at the operative wound. On December 29, 1938, 
the general condition of the patient became critical and he expired, approxi- 
mately seven weeks after entry. 
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Pathological study of the rib specimen obtained at biopsy revealed a sharply 
circumscribed, caseous tuberculous lesion within the medullary cavity. A 
guinea pig inoculated with necrotic material from this lesion later showed tuber- 
culous lesions in which typical acid-fast bacilli were readily demonstrable. 

An autopsy eight hours after death showed the following significant findings: 
The bodies of the tenth and twelfth dorsal, the second, third and fourth lumbar 
and the first three sacral vertebrae showed central areas of tuberculous osteo- 
myelitis. Most extensively involved were the lumbar vertebrae which were 
grossly distorted. The cortices of these were punctured anterolaterally by 
jagged openings which exuded caseous material and communicated with 
abscess sinuses in the psoas and iliac muscles. The right clavicle, the eighth 
and twelfth right, and the seventh and eleventh left ribs contained single, 
sharply defined areas of bone destruction within their medullae. There was 
little or no periosteal-osteoid reaction about any of the bone lesions even where 
the cortex was partly eroded. 

There were characteristic tuberculous lesions with central caseation and 
necrosis of varying extent in the mediastinal, hilar, mesenteric, paraiortic, 
infraclavicular and of certain of the right intercostal chains of lymph nodes. 
Of these the mediastinal and hilar nodes showed the greater involvement. 

The pericardium was filled with a thick layer of organizing, tuberculous 
exudate which bound the visceral and parietal layers together over both auricles 
and ventricles. There were large abscesses in the bellies of the psoas muscles 
on both sides. The lungs, liver, kidneys and spleen were seeded with varying 
numbers of small miliary tubercles. 

Microscopical examination of the autopsy materials was confirmatory. 
Tubercle bacilli were demonstrated in stained smears of the necrotic material 
from the osseous lesions as well as in the exudate from the lymph nodes and the 


lungs. 
DISCUSSION 


The case presented above is chiefly of interest as a rare example of dissemi- 
nated tuberculosis of the skeleton. Clinically, the case was one of tuberculosis 
in an adult with the childhood type of reaction. The tendency of the Negro 
to react to tuberculous infection in this way is well recognized particularly in 
the southern states. The skeletal lesions which came to dominate the clinical 
picture apparently developed early in the course of the infection. The oldest 
lesion and the probable source of the skeletal involvement was believed to be 
the caseating tuberculosis of the thoracic lymph nodes. The primary pul- 
monary complex if it existed was evidently minimal since no trace of it was 
found either in X-ray or postmortem examination. The miliary invasion of 
the viscera was thought to be a late development and the complication which 
led to death. Autopsy restrictions prevented a search for the cause of the 
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spinal fluid changes which from a clinical viewpoint suggested irritation of the 
meninges related perhaps to the presence of spinal caries. 

It is noteworthy that the proliferative tissue reaction usually described in 
multiple tuberculous processes of the skeleton was not present in the osseous 
lesions of this case. Since this was true without respect to the site of the 
skeletal involvement, the tissue reaction would appear in this instance to have 
been influenced to the greatest degree by systemic rather than local factors. 
However, no further clue to the nature of the responsible factors was given in 
the data obtained. 

The problem in differential diagnosis presented by this case upon admission 
was also of unusual interest. Although the general clinical picture was perhaps 
more suggestive of tuberculosis, without the biopsy findings the possibility of 
multiple myeloma or of carcinomatosis of the skeleton could not be excluded 
as the underlying cause of the bony lesions. Similar skeletal lesions likewise 
occur in hyperparathyroidism, Albright’s disease and in Hand-Schuller- 
Christian disease but in this case other characteristically associated symptoms 
were not present. 


SUMMARY 


The clinical and autopsy findings are reported in a case of tuberculosis in 
an adult with wide-spread involvement of the skeleton as the leading clinical 
feature. Areas of bone destruction were shown by X-ray to be present in the 


skull, spine, clavicle, ribs, scapulae and certain of the large long bones. The 
nature of the osseous disease was revealed through the demonstration in smears 
and by guinea pig inoculation of tubercle bacilli in material from the lesions. 
The difficulties encountered in diagnosis serve to emphasize the importance of 
bacteriological as well as pathological study of biopsy material in cases with 
multiple foci of bone destruction. 
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AMERICAN TRUDEAU SOCIETY COMPILES MEMBERSHIP 
ROSTER 


The American Trudeau Society is sending out information blanks to its 
members in order to compile the first Membership Roster the Society has 
issued. The roster will be published before the end of the year. All blanks 
must be returned by November 25. 

Two listings will be used. The first will be alphabetical with a brief biogra- 
phy of each member. The second will be a geographical list which will desig- 
nate, through the use of symbols, specialists certified by the American Boards 
for Medical Specialists. 

Also indicated in the geographical list will be the special work the member 
is doing—xX-ray, surgery, administrative, other work—as well as availability 
of service for pneumothorax treatment of patients of private physicians. 
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DISAPPEARANCE OF TUBERCLE IN PULMONARY 
TUBERCULOSIS! 


Tuberculo-Asepsis 


JOHN M. MacMILLAN 


The suggestion of a new term, in a field which is already overcrowded 
with many mystifying and complicated phrases, is submitted only with 
the idea of simplification. It is felt that this term, which is self explana- 
tory, covers a definite group of cases of pulmonary tuberculosis which 
exist and as yet have not had proper evaluation. In the study of chronic 
disease transitional stages are often neglected. As a result, proper ap- 
preciation of important pathological and clinical aspects which make 
such a disease more easily understood and coherent is delayed. 

This study is based on a group of patients with active pulmonary tuber- 
culosis who became inactive through treatment and died from causes 
other than tuberculosis, macroscopical or microscopical. Our failure 
at autopsy to discover tuberculosis in these cases was disconcerting at 
first in view of our intimate knowledge of their past. Naturally we are 
aware of the classical attitude of pathologists toward fibrosis and calci- 
fication, but we feel the complete loss of evidence of tuberculosis in 
proved cases has not been thoroughly correlated and sufficiently em- 
phasized by clinicians and pathologists. We present 3 extremely varied 
cases from the group collected. 

The patients presented had at one time extensive and active pulmonary 
tuberculosis with positive sputum. Their clinical pictures, although 
slightly varied in the individual case, show the symptomatology usually 
associated with active disease. For years they were sputum-negative 
and at postmortem, outside of fibrosis, calcification, bronchiectasis and 
emphysema, were classified by pathologists as having no tuberculosis 
in the classical sense. In none were the usual pathological findings, 
either gross or microscopical, of tubercle formation discovered. 

Three case histories from Iola Sanatorium complete with autopsy 


findings follow. 


From Iola Sanatorium, Rochester, New York. 
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Case 1: (Figures 1 and 2.) F. L., a married white male, electro-plater by 
occupation, was born in 1856 and died in 1937. There was no tuberculosis 
in his family and no known contact with tuberculosis. 

Past pulmonary history discloses inflammation of lungs in 1864, pneumonia 
in 1888 and chronic cough since 1875. Pulmonary haemorrhages occurred 
in 1915, 1919 and 1920, the last one of two to four ounces appeared one month 
previous to first admission to the Sanatorium November 12, 1920. 

Chief complaints on this first admission were cough and expectoration. 
Patient dated his present illness from 1918 with loss of weight, fatigue, dysp- 
noea, increased cough and sputum which was positive many times for acid-fast 
bacilli. He was discharged June 12, 1923. After discharge he remained in 
fair health until his second admission seven years later. 

Chief complaints on second admission December 1, 1930 were dyspnoea 
and chest pain. Patient reported an eight ounce pulmonary haemorrhage in 
October, 1929, followed by one of four ounces two days later and one of six 
ounces one week later. These haemorrhages were succeeded by increase in 
cough and sputum. Repeated sputum examinations (88) including a con- 
centration and two guinea pig tests were negative. The course in the Sana- 
torium was that of chronic invalidism, clinically more suggestive of cardiac 
than pulmonary disease. He died a cardiac death in 1937. 

Clinical diagnosis: Tuberculosis of the lungs, advanced; pulmonary 
emphysema and arteriosclerotic heart disease with auricular fibrillation. 

Autopsy findings: Left lung 630 g., right lung 730 g. Surfaces of both 
lungs are covered with shaggy tags of ragged fibrous adhesions. The lower 
lobes are semicrepitant. The upper lobes are rather doughy, flimsy to touch. 
On section the upper portions of both upper lobes have essentially the same 
appearance. No normal pulmonary tissue is seen. There are present numer- 
ous cyst-like cavities arranged in honey-combed fashion with relatively thin, 
white fibrous walls and smooth surfaces. These average in size from about 
1x1xicm.upto2x2x3cm. Occasionally a small amount of creamy 
purulent material is seen. This is assumed to come from a bronchus with 
which these cavities communicate. There is no sharp line of demarcation 
between the upper and lower portions of lung tissue, but there is a transitional 


Fic. 1. (left top). Case 1. Original roentgenogram of patient F. L. taken in 1920. 

Fic. 2 (right top). Case 1. Last antemortem roentgenogram of patient F. L. taken 
in 1937. 

Fic. 3. (left center). Case 2. Original roentgenogram of patient J. H. taken in 1920. 

Fic. 4 (right center). Case 2. Last antemortem roentgenogram of patient J. H. taken 
in 1937. 

Fic. 5 (left bottom). Case 3. Original roentgenogram of patient D. M. taken in 1930. 

Fic. 6 (right bottom). Case 3. Last antemortem roentgenogram of patient D. M. 
taken in 1939. 
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zone with considerable fibrotic and atelectatic lung tissue. In this zone there 
is no evidence in the lung tissue of anything resembling tubercles, nor are there 
any definite tubercles anywhere in either lung. No caseation is discovered. 
The lower portions of the upper and lower lobes have essentially the same 
appearance. The cut section has a reddish-gray color. Considerable fluid 
of a frothy nature flows from the cut surfaces. In both lower lobes the bronchi 
are moderately dilated, especially in the right lower lobe and relatively near 
the pleural surface. The dilated bronchus and other smaller bronchi every- 
where contain creamy yellow material. In the lateral portion of the right 
upper lobe there is an area beneath and adjacent to the thickened pleura where 
a band-like zone of firm, raised tissue parallels the pleural surface. This has 
a grayish granular appearance and looks like acute inflammatory tissue. The 
pulmonary vessels show occasional yellow streaks. The hilar nodes are rather 
small, gray and show no gross evidence of tuberculosis. 

Microscopical: Section #22 is apparently from the edge of one of the 
cavities described in gross. It shows an abundance of scar tissue including 
many alveoli with metaplastic epithelium, a large amount of coal pigment, 
many small bronchi and a large collection of round cells. The cavity itself is 
lined with bronchial epithelium. Adherent to it in some places are poly- 
morphonuclears. There is another rather small cavity in the section which 
shows the same general structure. Section # 16 presents essentially the same 
picture. Section * 3 shows all the alveoli filled with exudate consisting chiefly 
of polymorphonuclears, but there are also fibrin, fluid and a few blood cells. 
The bronchi also show polynuclear leucocytes. Section * 20 shows greatly 
thickened pleura under which are emphysematous alveoli. Section ¥* 10 
shows alveolar walls thickened with fibrous tissue. In some places the paren- 
chyma is replaced by fibrous tissue. Bronchi show necrotic epithelium filled 
with polynuclear leucocytes. There is nowhere evidence of tuberculosis. 
Section through a hilar lymph node shows dilated sinuses which contain a 
large amount of mononuclear cells and occasional polynuclear leucocytes. 
Here and there are small collections of connective tissue cells. There is no 
evidence of tuberculosis in this node. 

Anatomical diagnosis: Subacute bronchiectasis with cavitation at apices 
of lungs; chronic fibrosis; pleuritis with marked calcification of pleura on the 
right; pulmonary oedema and congestion; focal pulmonary fibrosis; acute focal 
pneumonia; chronic mitral endocarditis. 

Case 2: (Figures 3 and 4.) J. H., a white, single man, was an arboriculturist. 
He was born 1869 and died 1938. His family history is negative for tuber- 
culosis. There was no known contact with tuberculosis. 

Past pulmonary history included chronic bronchitis and pulmonary tuber- 
culosis diagnoses in 1897, at which time the chief complaints were cough, spu- 
tum and loss of weight. 
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He was admitted to the Sanatorium in 1917. Following admission, patient 
had frequent haemoptyses and streaked sputum. He raised four to six ounces 
of sputum daily, which remained positive until 1931. From 1922 to 1924, his 
sputum was negative. Frequency of positive sputum, recurring in 1925, 
decreased until 1931, from which time it remained negative to death. Patient 
died in 1938 of lobar pneumonia. 

Clinical diagnosis: Advanced tuberculosis of the lungs; pulmonary em- 
physema; bronchial asthma; latent syphilis; lobar pneumonia. 

Autopsy findings: Left lung weighs 800 g., right 1,200 g. The surface of 
the left lung is covered by adherent parietal pleura. In dissecting away the 
lung, the apex was cut disclosing several small, apparently communicating, 
smooth-walled cavities. The largest of these is about 1.5 cm. in diameter. 
Bronchi of medium size are concentrated in this apex which is covered, except 
where cut away, by fibrous pleura, about 4mm. thick. Most of the upper lobes 
are replaced by fibrous tissue. No tubercles are recognized. The lower lobe 
is voluminous and light red on section. A moderate amount of red, watery 
fluid can be expressed from the cut surface. No areas of solidification or 
tubercles are formed in it. The bronchi have red mucosal surfaces and contain 
some grayish mucopurulent material. The branches of the artery show many 
yellow, often chalky appearing, intimal patches, even in the smaller branches. 
In the upper portion of the left lower lobe there is a dilatation of bronchial 
spaces into several pockets which look like cavities, having smooth, thin, 
grayish-red walls, but at the same time appear to be portions of branches of 
the bronchus. The right lung is similar to the left in respect to its bronchi, 
vessels and pleural surfaces. It even shows similar apical cavitation and 
concentration of bronchi to the upper lobe. The inferior and anterior portions 
of the upper lobe and all of the middle lobes are fairly crepitant and light 
pinkish-gray in color. In fact, these portions show a fluffiness and enlarge- 
ment of the air sacs, indicative of emphysema. The lower lobe is almost 
completely solidified. Its margins in some areas are subcrepitant and wet, 
but the main bulk of the lobe is light gray, granular on section and moder- 
ately solid. 

Microscopical: The sections from the solidified’ right lower lobe show the 
alveoli to be filled chiefly with pink-staining fluid containing fibrin, poly- 
nuclear leucocytes and monocytes. Some alveoli have masses of hyalinized 
exudate undergoing organization, and others have a fairly cellular, fibrous 
connective tissue growing into and between them. No definite diagnosis of 
tuberculosis can be made. Other sections show congestion, marked em- 
physema, patches of bronchopneumonia and oedema, fibrous pleural thick- 
ening, and in one, a collection of dilated bronchi with subacute inflammation. 
Considerable subpleural fibrosis appears in one section. A few of the arteries 
have thickened intimal linings. 

Anatomical diagnosis: Lobar pneumonia right lower lobe; syphilitic aortitis; 
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general and pulmonary arteriosclerosis; emphysema; bilateral apical pul- 
monary fibrosis and cavitation; question of bronchiectasis in right lung lower 
lobe; chronic fibrous pleurisy and obliteration of both pleural cavities; con- 
gestion and oedema of lungs; cardiac hypertrophy and dilatation, chiefly of 
right ventricles. 


Case 3: (Figures 5 and 6.) D.M., a white male, was born April 20, 1907 and 
died December 31, 1939. His occupation was that of a pipefitter. His con- 
tact was an uncle who died of tuberculosis in 1926 or 1927. 

Past history reveals mild bronchitis 1927, influenza 1929, and severe chronic 
catarrhal condition of the bronchi for the past nine years. 

Onset of the present illness was in September, 1930 with severe pulmonary 
haemorrhage. A diagnosis of moderately advanced pulmonary tuberculosis 
was made. Sputum contained acid-fast bacilli on five examinations. Patient 
was in a county tuberculosis hospital from October, 1930 to August, 1933. 
After a right phrenicectomy in December, 1930 his sputum remained negative. 
Because of a pulmonary haemorrhage, artificial pneumothorax was induced 
on the left in July, 1932, and discontinued August, 1939. Increasing dyspnoea 
during the summer of 1939 led his physician to advise a cardiac study. He was 
admitted to a general hospital December 30, 1939, acutely ill and within 
twenty-four hours died suddenly of what was considered to be heart failure. 

Postmortem examination on December 31, 1939 revealed a normally built, 
well nourished, white male showing marked: cyanosis of the lips, toes and 
finger nails. No evidence of any external physical defects is noted and no signs 
of cardiac decompensation are present. The osseous frame is normal and the 
chest is broad and well expanded. Left lung: The left pleural cavity con- 
tains a moderate increase in fluid and shows numerous massive adhesions which 
are especially marked on the apical and posterior aspects of the lung. The 
lung is considerably retracted and reduced in volume. Both lobes are fused 
and appear almost airless and extremely fibrotic. Along the lateral aspect 
of the lung mass is the remnant of a cavity (3 cm. in diameter) filled with 
dense fibrous tissue and outlined by a distinctly visible margin of coal pigment. 
This area extends to the pleura which appears about 3 mm. thick. On cutting 
no evidence of active tuberculosis in any form is found. Right lung: Con- 
siderable compensatory emphysema is observed and all three lobes appear 
aérated. In the lower part of the upper lobe there is an area of consolidation 
and fibrosis with no signs of coagulation necrosis. The pulmonary tissue 
throughout the entire lung shows generalized fibrosis. No evidence of active 
or calcific tuberculosis is found. The bronchial tree shows no evidence of 
bronchiectasis. No grossly visible cavitations are present. Lymph nodes: 
The intrathoracic lymph nodes are of the usual size, and except for moderate 
anthracosis show nothing indicative of active or healed tuberculosis. Heart: 
The right side of the heart is hypertrophied and dilated. No valvular lesions 
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are present. The aorta is not remarkable. The pulmonary artery and its 
branches have extensive atherosclerosis extending to the small branches of 
the artery. 

Microscopical examination of the left lung shows an extremely congested 
and collapsed lung with only a few aérated areas. The intrailveolar septa 
are thick and the alveolar spaces are filled with numerous alveolar phagocytes 
(active septal cells) containing decomposed blood and coal pigment. No 
evidence of tuberculous granulomatous inflammation is found, and no areas 
of healed and calcific tuberculosis are present. Sections from the right lung 
show marked congestion, emphysema, areas of consolidation due to fibrosis 
and an extensive reaction of alveolar phagocytes which fill the alveolar spaces 
to the limit. No evidence of tuberculous reaction is found. 

Pathological diagnosis: Post inflammatory fibrosis of the lungs with ex- 
tensive congestion; hypertrophy and dilatation of the right heart (cor pul- 
monale); pronounced atherosclerosis of the pulmonary artery and its branches. 


DISCUSSION 


Pulmonary tuberculosis is a chronic, multiphased, infectious disease. 
The usual progressive processes are caseation and necrosis. The retro- 
gressive processes are resolution, fibrosis and calcification. The concept 
of pulmonary tuberculosis as a variable in which different degrees of both 


progressive and retrogressive processes may exist is too limited. Tuber- 
culosis going on to asepsis places this disease on a basis similar to other 
infectious diseases. We feel this fact is the rule rather than the 
exception. 

Generally speaking, emphysema, bronchiectasis, fibrosis and calcifica- 
tion, either alone or in any combination, may be the only roentgenological 
or pathological finding of pulmonary disease. Appreciation of these 
findings should always include the possibility of tuberculosis being the 
original aetiological factor. 

It is our routine at the Sanatorium, when such a possible case pre- 
sents itself, to take a very detailed history. We are particularly inter- 
ested in a past history of lung abscess, pneumonia or any suppurative 
pulmonary process. A comparative study of all past and present roent- 
genograms is undertaken; oblique roentgenograms to study the tracheo- 
bronchial areas are made; tuberculin tests and repeated sputum examina- 
tions for tubercle bacilli and other bacteriological agents are done. 
Complete cardiac and haematological studies are secured. The use of 
bronchograms is not neglected. 

The most frequent symptom leading to the detection of this type of 
case has been, according to our observations, pulmonary haemorrhage 
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in apparently well individuals. We feel that this symptom is usually 
on the basis of some severe respiratory infection such as suppurative 
bronchitis, but calcification per se must not be forgotten. 

Chronic cough and sputum of many years duration may be present, 
but these symptoms are usually minimized or denied despite the fact 
that chest roentgenograms reveal extensive pulmonary disease. As- 
sociated symptoms like cough, sputum and dyspnoea naturally must be 
studied extensively and properly evaluated. 

An unusual efficiency of alveolar phagocytosis, pulmonary haemor- 
rhage or cor pulmonale, either in combination or individually, occupy the 
foreground as determining factors in this entity and warrant further 
study. 


CONCLUSIONS 


1. Pulmonary tuberculosis can be self limiting and as such manifests 
itself as pulmonary tuberculo-asepsis. 

2. Emphysema, bronchiectasis, fibrosis and calcification, often sequelae 
of other pulmonary infectious processes, are all common to tuberculosis. 

3. Pulmonary haemorrhage is a frequent symptom in pulmonary tuber- 
culo-asepsis and is considered to be of a nontuberculous aetiology. 


Acknowledgement: The invaluable advice and criticism of Dr. Ezra Bridge, and the kind 
assistance of Dr. Nicholas Popoff, Dr. Stanley Lincoln, and the Pathology Department of 
Strong Memorial Hospital are greatly appreciated. 


THE PATHOLOGY OF CLINICALLY HEALED 
TUBERCULOUS CAVITIES'” 


OSCAR AUERBACH anp HENRY GREEN 


In the course of routine necropsies of tuberculous patients at Sea View 
Hospital during the past eight years we have encountered a number 
of healed tuberculous cavities. The true incidence of healed tuberculous 
cavities is difficult to establish on anatomical grounds at a tuberculous 
institution. Hansemann (1) says that reports in the literature of healed 
tuberculous cavities found at autopsy vary greatly, depending upon the 
type of institution from which the material comes. At Sea View Hospital 
those patients showing clinical healing by disappearance of a vomica 
on the roentgenogram and conversion of sputum are discharged from the 
institution. Of the cases that come to autopsy, about one-half exhibit 
progressive pulmonary tuberculosis with a duration of less than two 
years. Therefore, the present study, being based on postmortem ma- 
terial, is qualitative and directed at the pathology of the clinically healed 


cavity rather than quantitative in the sense of establishing the frequency 
of healing. 


CRITERIA AND MATERIAL 


A tuberculous cavity does not heal in the sense of restitutio ad integrum. 
Likewise, in a strictly pathological sense no cavity is completely healed 
so long as tubercle bacilli or specific tuberculous elements are present 
in the contents or walls of the vomica. Yet, we must consider a cavity 
as clinically healing or healed when it is no longer capable of producing 
bacilli laden sputum. Thus the material upon which this study is based 
is derived from cases which fulfilled the criteria of (/) persistently nega- 
tive sputum following conversion from a positive state, and (2) complete 
serial X-ray study of the cavity or cavities during life. These cases, 
as will be evident, died from a nontuberculous disease or from a complica- 


1 Presented in part at a joint session of the National Tuberculosis Association, American 
Trudeau Society and the American Association for Thoracic Surgery, Cleveland, Ohio 
June 6, 1940. 

2 From the Department of Pathology, Sea View Hospital, Staten Island, New York. 
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tion of pulmonary tuberculosis rather than from progressive pulmonary 
tuberculosis. 


TYPES OF HEALING 


We found that healing of the tuberculous cavity occurred in two ways: 
(1) the lumen of the cavity obliterates—‘‘closed”’ healing, and (2) the 
lumen of the cavity remains patent—‘‘open”’ healing. 

Healing by obliteration of the cavity lumen: This type of cavity healing 
results either in the replacement of the cavity by a scar, or in the reten- 
tion of caseous material filling and obliterating the cavity lumen. Pagel 
and Simmonds (2) considered these two forms as separate entities. How- 
ever, since the mechanism of healing is basically the same for the cavity 
resulting in a scar or in an inspissated focus, that is by closure of the 
draining bronchi from the cavity, we have designated both types as 
healing by obliteration of the cavity lumen. 

Healing with a scar as an end result: A survey of the literature as well 
as our own material reveals this to be the least frequent form of cavity 
healing reported at tuberculosis hospitals on the basis of anatomical 
material. Such cases have been described by Gilbert (3), Sweany (4), 
McPhedran and Long (5), and Pinner (6). We found only one instance 


at autopsy in which a scar was present at the site of a clinically demon- 
strable cavity. However, we have observed a number of radial scars 
in the posterolateral aspect of the upper lobes which we believe represent 
healed cavities. Since serial roentgenographic proof of a cavity was not 
obtainable in these cases they were not included in this study. 


Case 1: V. H. B. was a twenty-six year old white female who became ill in 
1936. She entered a hospital in August, 1937 where pulmonary tuberculosis 
was diagnosed by X-ray and sputum examinations and a right pneumothorax 
was instituted. The patient entered Sea View Hospital in September, 1937 
when her sputum examination was positive for acid-fast bacilli and chest 
X-ray films disclosed a right pneumothorax with a cavity visible in the right 
upper lobe, the lobe being suspended to the upper chest wall by an adhesion. 
A tuberculous empyema developed on the right side in December, 1937. 
Pneumothorax proving ineffective, a right thoracotomy and first-stage thora- 
coplasty were performed in May, 1938, a second stage in June, 1938, a third 
stage and Schede operation in July, 1938 and a plastic repair of the wound in 
November, 1939. Under this therapy, sputa became negative in June, 1938, 
were rarely positive in 1939 and were persistently negative from June, 1939 
until death. X-ray examination failed to reveal the right upper lobe cavity 


PLATE I 


V.H.B. (Case 1.) X-ray films demonstrate the right upper lobe cavity (x) on the film 
of October, 1937 (fig. 1), and its absence on September 22, 1939 (fig. 2) after completion of 
surgical collapse. 

Coronal section of the lungs (fig. 3) demonstrates an irregular scar (a), representing the 
former cavity visualized by X-ray, in the right upper lobe just beneath the thickened visceral 
pleura. Note the indention of the lung in the region of the scar. Encapsulated caseous 
foci (b) are seen in the right lower lobe. Miliary foci (c) are present in the left lung. The 
right parietal pleura (d) is markedly thickened. 

Photomicrograph of a section of the radial scar in the right upper lobe (fig. 4) reveals 
the presence of a microscopical cavity. The inner wall of the cavity is lined by a pyogenic 
membrane (a), a portion of which protrudes into the lumen (b). A zone of vascular granu- 
lation tissue (c) surrounds the inner lining. 
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after June, 1939. The patient died in February, 1940 following the develop- 
ment of amyloidosis and generalized miliary tuberculosis. 

At autopsy, the right lung was compressed particularly in its upper lobe. 
In the posterior aspect and beginning 1.0 cm. below the apex was a firm gray- 
black linear scar measuring 4.5 cm. in the apicobasal direction and 0.5 cm. in 
its greatest width. Two branches of the right upper lobe bronchus extended 
up to and ended blindly in the scarred zone. Fibrous strands extended from 
the scar into the adjacent tissue for short distances. The alveoli immediately 
surrounding the scar were dilated. The remainder of the right upper lobe was 
resilient. 

Microscopical examination of the scar disclosed a minute space lined by a 
zone of fibrin, lymphocytes, polymorphonuclear leucocytes, fibroblasts and 
epithelioid cells. Beyond this was a zone of granulation tissue composed of 
capillaries, lymphocytes, collagen fibresand epithelioid cells. Most externally 
was a zone of fibrous connective tissue containing compressed alveoli and 
tubercles. 


In summary, this is a patient with pulmonary tuberculosis who re- 
ceived collapse therapy. Shortly after the performance of thoracoplasty, 
the cavity disappeared from the roentgenogram and the sputum became 
negative. The patient died with amyloidosis and generalized miliary tu- 
berculosis. At autopsy there was a fibrous scar, at the site of the previ- 


ously noted cavity, which contained a microscopical lumen. 

Pathology of healing with scar formation: The tuberculous cavity which 
results following the evacuation of a liquefied caseous focus is character- 
ized by an inner zone of caseation surrounded by a layer of tuberculous 
vascular granulation tissue which in turn is encircled by a narrow region 
of fibrous connective tissue. A perifocal alveolar filling process adds to 
the thickness of the cavity wall as it becomes organized into fibrous tissue. 
This outer zone often contains tubercles and encapsulated caseous foci 
of various size. As the process becomes older the inner zone of caseation 
is transformed into a pyogenic membrane composed of fibrin, polymor- 
phonuclear leucocytes, lymphocytes and nuclear fragments towards its 
inner aspect; while in its outer portion it contains fibroblasts and epi- 
thelioid cells. 

The further development from this stage to the formation of a fibrous 
scar has been variously but infrequently described in the literature. 
Huebschmann (7) believes that the transformation of the cavity to a 
scar might occur through a progressive widening of the cavity wall due 
to an increase in the connective tissue fibres. This occurs concurrently 
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with proliferation of granulation tissue into the interior of the cavity. 
He maintains that, if the outer fibrotic area then contracts and the inner 
granulation tissue fills the now markedly decreased lumen, a complete 
closure of the space might result. He makes no mention of the réle 
of the draining bronchus in this form of cavity closure. And yet, the 
findings of Tchertkoff and Bobrowitz (8) point to the closure of the 
draining bronchi as the initital and essential factor in cavity closure. 

If the bronchus remains closed and the cavity collapsed, healing 
changes occur in all three layers of the wall. The inner zone shows 
an increase of fibroblasts, epithelioid cells and collagen fibres within the 
pyogenic membrane while the zone of tuberculous granulation tissue and 
the outer fibrous layer reveal an increase in connective tissue fibres and 
a concomitant decrease in cellular elements. With the organization of 
the pyogenic membrane, the granulating surfaces of the apposed walls 
of the cavities fuse and at first partially and then in time completely 
obliterate the cavity lumen. 

Case 1, which contained a scar on gross examination, demonstrated 
these stages of development on microscopical examination. A micro- 
scopical lumen was present within the scar lined by a narrow zone of 
epithelioid cells and fibroblasts. This layer was surrounded by an area 
of vascular granulation tissue containing an increased number of con- 
nective tissue fibres. The zone of connective tissue which encircled 
this area was the widest layer of the scar and contained occasional 
tubercles and compressed alveoli. Should this process go on to comple- 
tion, the microscopical lumen will be lost and a solid scar result. 

Healing with inspissation of the caseous contents: This is the most fre- 
quent form of cavity healing which we have noted at necropsy. This 
observation is interesting in the light of Pagel and Simmonds’ (2) state- 
ment that proof of such a process at autopsy was lacking previous to 
the report of their case in 1939. Hart (9), however, in an earlier report 
felt that not a small number of cases of putty, mortar or calcified foci 
spoke for a healed cavity; but he did not give roentgenographic proof 
of cavities having been present during life. Occasional reports of such 
cases, however, do appear in the literature. Amberson (10) reported a 
case which at autopsy showed an inspissated cavity closed off from drain- 
ing bronchi. This cavity had not been seen on X-ray films for ten and 
one-half years prior to death. Derscheid and Toussaint (11) reported 
a similar case. We have observed a number of such cases of which the 
following three instances are interesting examples. 
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Case 2: A. T. was a sixty-six year old white female in whom pulmonary tuber- 
culosis was accidently found by X-ray and sputum examination. The patient 
entered Sea View Hospital in June, 1932 with positive sputum and X-ray 
evidence of bilateral caseous pneumonic tuberculosis with cavitation in the 
upper lung fields. The pulmonary tuberculosis remained stationary or slightly 
progressive as evidenced by X-ray films until late in 1938. At that time the 
cavities in both upper lung fields began to decrease in size and finally dis- 
appeared on an X-ray film taken in November, 1938. The sputum became 
negative in January, 1939 and remained so until death in March, 1939. Death 
was due to hypertensive heart disease and amyloidosis with uraemia. 

At autopsy, the left upper lobe was contracted and contained a cavity 
measuring 2.0 by 2.5 cm. which was situated 1.0 cm. below the apex. This 
cavity was filled with soft cheesy material which contained many acid-fast 
bacilli. The cavity extended as a caseous tract to the interlobar fissure. The 
wall of the cavity was 1.0 to 5.0 mm. thick and gray-black in appearance. 
Tracing the left upper lobe bronchus from the bifurcation of the left main 
bronchus the former became narrow soon after the bifurcation, exhibited a 
granular mucosal surface and ended blindly in a mass of firm gray fibrous 
tissue situated in the medial portion of the left upper lobe. The remaining 
lung tissue in this lobe was firm, gray-black and contained encapsulated 
caseous foci. 

In the right upper lobe there was another excavation situated 2.0 cm. below 
the apex. This cavity measured 2.0 by 2.5 cm. and was filled with soft, yellow 
cheesy material. The inner surface was lined by a dirty gray membrane. 
The wall was firm, gray-black and measured up to 4.0 mm. in thickness. A 
number of branches of the upper lobe bronchus could be traced to the wall 
of the cavity where they ended blindly in its outer fibrous zone. 

Microscopically, the left upper lobe cavity was composed of an inner zone 
of caseous material resting on a wide zone of tuberculous vascular granulation 
tissue which in turn merged with an outer layer of hyalinized connective tissue 
beyond which was a looser zone of fibrous tissue containing many compressed 
alveoli. In the pulmonary tissue about the cavity wall there were many di- 
lated alveoli. The wall of the right upper lobe cavity was similar to the cavity 
just described except that it showed a marked increase of hyalinized fibrous 
tissue at the expense of the more centrally located tuberculous granulation 
tissue. 


In summary, this is a case of pulmonary tuberculosis with known 
bilateral excavation and positive sputum for approximately six years. 
After a more or less stationary or slowly progressive course, the cavities 
disappeared over a relatively short period of time and sputum conversion 
occurred. At autopsy, following a nontuberculous disease, cavities were 


PLATE II 


A. T. (Case 2.) X-ray films demonstrate cavities in 1936 (fig. 1) in the right upper 


lobe (x) and left upper lobe (y). A film in November, 1938 (fig. 2) discloses the disappearance 
of the highlights and their replacement by solid densities (x”, y”). 

The posterior aspect of the right lung (fig. 3) demonstrates an inspissated cavity (a) 
present in the right upper lobe corresponding to the cavity visualized by X-ray. An en- 


capsulated focus is present in the right lower lobe (b). 

The posterior aspect of the left lung (fig. 4) reveals a cavity in the left upper lobe (a) 
corresponding to the cavity visualized on X-ray films. The lumen of the cavity, which is 
filled with soft caseous material, is markedly narrowed in its lower portion (b). 
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found in sites corresponding to the X-ray shadows. However, their 
lumina were obliterated by inspissated caseous material, and no com- 
munication could be established with bronchi. 


Case 3: P. D. was a sixty-one year old white male in whom pulmonary tuber- 
culosis was discovered in August, 1938 on a routine chest X-ray film. Sputum 
was positive for acid-fast bacilli at that time. The patient entered Sea View 
Hospital in October, 1938 with X-ray evidence of caseous pneumonic disease 
of the right apex with cavitation and with a negative sputum. Subsequent 
sputa persisted negative. Subsequent roentgenograms showed a progressive 
decrease in the size and a final disappearance of the annular highlight in the 
right apex and its replacement by a small uniformly dense shadow. The 
patient died in January, 1940 following a fracture through the upper extremity 
of the right femur. 

At autopsy, an excavation was found in the right upper lobe, measuring 
1.0 by 1.7 cm. It was filled with ifspissated putty-like material containing 
numerous acid-fast bacilli. The inner surface of the cavity was smooth and 
gray-black. The cavity wall varied from less than 1.0 to 2.0 mm. in thickness. 
Communication could not be established between the cavity and the branches 
of the right upper lobe bronchus which ended blindly in the fibrous tissue 
of the cavity wall. Histological examination of the cavity wall disclosed a 
narrow inner zone of hyalinized connective tissue surrounded by a looser 
narrow zone of fibrous connective tissue, capillaries, lymphocytes and com- 
pressed alveoli. Irregular thick fibrous bands extended from the cavity wall 
into the surrounding pulmonary tissue which contained dilated alveoli. 


In summary, this is a known case of pulmonary tuberculosis with a 
right upper lobe cavity which showed shrinkage and replacement of an 
annular highlight by a dense solid shadow on the roentgenogram. This 
process was accompanied by sputum conversion. At autopsy, a cavity 
filled with inspissated caseous material was found at the site correspond- 
ing to the roentgen shadow showing extensive healing changes in its 
wall and demonstrating an interruption of the broncho-cavitary com- 
munication. 


Case 4: F. R. was a forty year old Puerto Rican female in whom pulmonary 
tuberculosis was discovered in February, 1934. She entered a hospital where 
pneumothorax was begun. The patient transferred to Sea View Hospital in 
April, 1934 when her sputum was found positive for acid-fast bacilli while 
X-ray examination disclosed a right pneumothorax with a right upper lobe 
cavity and left caseous pneumonic disease. Closed pneumonolysis was per- 
formed on the right in November, 1934, followed by left pneumothorax in the 


PLATE III 


P. D. (Case 3.) X-ray films demonstrate the right upper lobe cavity (x) on film of 
October, 1938 (fig. 1) and its disappearance and replacement by a dense focus (x’) on the 
film of September, 1939 (fig. 2). 

Coronal section of the lung (fig. 3) demonstrates a cavity (a) in the right upper lobe 
corresponding to the cavity noted by X-ray. The lumen is filled with inspissated caseous 
material. Encapsulated caseous foci (b) are present in both upper lobes. Caseous calcified 
foci (c) are seen in the inferior tracheobronchial nodes. 
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same month. Subsequently the cavities became smaller and finally disap- 
peared in September, 1935 and were never again visualized by X-ray up to 
the time of death. Sputa were positive from April, 1934 until July, 1935 after 
which they were persistently negative. The patient died April 14, 1936 in 
uraemia as the result of acute diffuse glomerulonephritis. 

At autopsy bilateral pneumothorax spaces were present. The left upper 
lobe contained a cavity measuring 4.5 by 2.5 cm. lying 1.0 cm. below the apex. 
The right upper lobe also contained an excavation measuring 2.0 by 1.0 cm. 
lying 1.5 cm. below the apex. Similarly the right lower lobe contained an 
excavation measuring 2.5 cm. by 1.5 cm. in the apical portion of its posterior 
aspect. These cavities were completely filled with soft cheesy material which 
could be easily removed. Their walls were gray to gray-black in appearance. 
No communication could be established between these cavities and their 
respective bronchi. 

Microscopical examination of the cavity wall in the right upper lobe showed 
its inner zone to be lined by an area of caseation containing occasional calcium 
deposits while the remainder of the wall was composed of concentrically ar- 
ranged hyalinized connective tissue. Occasional epithelioid and giant cells 
were present in the outer portion of the wall. 


In summary, this is a case of bilateral pulmonary tuberculosis treated 
with bilateral collapse therapy. Under this management sputum con- 
version occurred while annular highlights previously visualized on X-ray 
films gradually became smaller and disappeared. At autopsy inspissated 
caseous foci were present at sites corresponding to the previously noted 
annular highlights. 

Pathology of the inspissated cavity: The lumen of the cavity is com- 
pletely filled with caseous material which varies from soft and yellow 
to putty-like and gray in character. This caseous material is easily 
evacuated even when calcification is present. The inner surface of the 
cavity wall is smooth, gray and may have occasional attached caseous 
particles. The cavity wall varies in thickness from less than 1.0 mm. 
to5.0mm. Gray bands of fibrous tissue radiate from its periphery into 
the surrounding lung parenchyma. The cavity wall may fuse with over- 
lying thickened pleura. In all instances of inspissated cavities, the 
draining bronchi ended blindly either in the wall of the cavity or in an 
area of fibrosis connecting with the wall of the inspissated cavity. Der- 
scheid and Toussaint (11) believed that this area of fibrosis indicates 
the old path of the draining bronchus. The walls of the inspissated 
cavity reveal the same characteristics as are noted in an open cavity of 


PLATE IV 


F. R. (Case 4.) X-ray films demonstrate cavities in 1934 (fig. 1) in the right upper 
lobe (x) and left upper lobe (y) after the institution of bilateral pneumothorax. A cavity 
in the right lower lobe is not definitely visualized. Subsequent films in 1936 (fig. 2) show 
no excavations. 

Coronal section of the lung (fig. 3) discloses an inspissated cavity (a) in the apical portion 
of the right lower lobe filled with a sequestrated mass of caseous material. The compressed 
right upper lobe contains a marked increase of fibrous tissue (b). The inspissated cavity 
in the right upper lobe is not present in this section. The cavity (c) in the left upper lobe 
is filled with inspissated caseous material much of which has washed out. The upper lobe 
cavities correspond to those visualized by X-ray. 

Photomicrograph of a portion of the cavity wall in the right lower lobe (fig. 4). The 
inner wall of the cavity is formed by a zone of hyalinized connective tissue (a). The wider 
loose layer of fibrous tissue (b) just beyond it contains coal pigment deposits. The alveoli 
beyond the cavity wail are dilated. 
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similar anatomical age and development on histological examinations 
in their early stages (case 2). The material within the lumen of the 
cavity derived from caseous fragments, pyogenic membrane, tubercle 
bacilli and elements from the granulation zone is fragmented and rich 
in nuclear debris. 

As healing progresses and the broncho-cavitary junction remains 
closed, the zone of pyogenic membrane and caseation is invaded by epi- 
thelioid cells, fibroblasts and connective tissue fibres. The zone of vas- 
cular granulation tissue shows an increase of connective tissue fibres at 
the expense of capillaries and cellular elements. This latter process in- 
creases the relative and actual thickness of the outer zone of fibrous tissue 
undergoing hyalinization. The material within the lumen of the cavity 
assumes a more homogeneous appearance through the disappearance of 
the nuclear remnants. Tubercle bacilli are still present in the caseous 
material. 

In the final stage of development the wall of the cavity is completely 
composed of concentrically arranged hyalinized connective tissue in 
which an occasional Langhans’ giant cell may be the only evidence of the 
specific tuberculous character of the disease (case 3). Narrow areas of 
caseation line the inner wall of the cavity in some regions. The material 
within the lumen of the cavity shows progressive calcium deposition and 
a decrease or absence of nuclear remnants. 

The problem of differentiating between an inspissated cavity and (/) 
an encapsulated caseous or calcified caseous focus and (2) an old en- 
capsulated caseous or calcified caseous focus undergoing liquefaction 
presents itself. In the first instance there are two points of differentia- 
tion: (a) the caseous focus shows a homogeneous caseous centre firmly 
attached to its wall and unlike the inspissated cavity cannot be washed 
out when immersed in water; (b) microscopical examination of the case- 
ous focus with the elastica Van Gieson stain shows large portions of in- 
tact elastic structure outlining the former lung parenchyma while in the 
inspissated cavity only small disorganized remnants of elastic fibres are 
infrequently visualized. The second differential is extremely difficult 
and may be impossible. Schuermann (12) described the late liquefying 
caseous focus as a pulpy, pasty, atheromatous softening. Microscopi- 
cally it shows a loss of the former structure of the tissue and contains 
calcium, cholesterin crystals and tubercle bacilli. Such softenings, if 
they have not emptied into a bronchus, cannot be differentiated from an 
inspissated cavity in an anatomical study. Demonstration of bronchi 
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ending blindly in the walls of such foci may be of aid in differentiating 
an inspissated cavity from an encapsulated focus which had never had 
bronchial drainage. The deciding factor, however, in such a differentia- 
tion is the roentgenographic study. 


FACTORS IN CLOSED HEALING 


There is much controversy as to the réle played by the draining bron- 
chi in the closure of a tuberculous cavity. Coryllos (13) stated that 
closure of a cavity was dependent upon the closure of its stem bronchus. 
The clinical observation that the severing of the broncho-cavitary com- 
munication—which is manifested by the disappearance of tubercle bacilli 
from the sputum—is usually followed by the contraction of the cavity 
with disappearance of its lumen, indicates that closure of the bronchi 
is of prime importance in cavity closure. The necropsy findings of 
severance of the broncho-cavitary communication in every one of our 
cases of cavity closure supports this view. 

Salkin, Cadden and McIndoe (14), from a postmortem X-ray study 
of intrabronchial injection of radiopaque material, concluded that oc- 
clusion of the bronchus was not a factor in the closure of a cavity. They 
studied cavities 3.0 cm. or more in size in 70 cases, 37 of which were au- 
topsied. These authors found that 14 per cent of their “open” cavities 
did not communicate with bronchi by this method. These findings are 
at variance with our own experience. In over 2,000 cavities observed 
by us, we have never seen an open cavity with a diameter of 3.0 cm. or 
more in which we were unable to trace, with a slender probe, a bronchus 
opening into the lumen of the cavity. The discrepancy in these findings 
is very probably due to the methods used to demonstrate patency of the 
broncho-cavitary communication. Salkin, e¢ al. claim that a cavity may 
be blocked by a filling of the lumen with caseous material or that the 
bronchi may be occluded by purulent plug, an endobronchitis, or by a 
peribronchial fibrosis which constricts the bronchus. However, the 
method of these authors is open to question in that it does not distinguish 
between a permanent and a transient bronchial block. The presence 
of caseous debris within the lumen of the cavity, as well as in the bron- 
chus, represents liquefied caseous material in the process of evacuation. 
During life the individual is continually expectorating this material while 
in death it may form a transiently impassible barrier to the injected 
radiopaque material, and therefore present a false picture of the state 
of the broncho-cavitary communication. 
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Pinner (6) states that the available anatomical evidence does not favor 
the claim of Coryllos (13) and others that bronchial occlusion is the sole 
or even a contributory mechanism in cavity closure with collapse therapy. 
He believes that cavities in humans are almost invariably the site of 
secondary infection and, therefore, that bronchial obstruction far from 
acting as a curative factor is a serious complication which may lead to 
perilous consequences. We cannot agree with Pinner that pyogenic 
organisms are almost always present in the secretions of the cavity and 
that bronchial occlusions may lead to serious complications. Coryllos 
(15) reported that examination of the contents of tuberculous cavities 
obtained from the cavity opened during muscle-flap operations revealed 
the presence of tubercle bacilli and the absence of pyogenic organisms 
on smear and culture. The additional observation of the absence of 
organisms other than the acid-fast bacillus in the inspissated cavities 
studied indicates the lack of perilous consequences attendant to the re- 
tention of secretions in these cases. 

The occlusion of the draining bronchi in all cases of closed cavities 
resulted in a scar at the blind bronchial end. This obliteration of the 
broncho-cavitary communication has often been attributed to intrinsic 
or extrinsic factors. The intrinsic factors are a caseous plug within the 
bronchial lumen or an endobronchitis. The extrinsic factor is the gradual 
pinching of the bronchus by the contraction of the pericavitary and 
peribronchial fibrous tissue at the broncho-cavitary junction. 

We do not believe that the caseous plug is important in producing 
a permanent occlusion of a bronchus since it is soft, easily disintegrated 
and easily dislodged during respiration and cough. : 

We believe the presence of a tuberculous bronchitis which will lead 
to occlusion of the lumen of a bronchus is of frequent occurrence. Bron- 
chi almost invariably show the same tuberculous process as that seen 
in their respective cavities. It is doubtful that one can speak of a 
bronchus entering the wall of a cavity in the sense that normal bronchial 
structure is seen up to the cavity lumen. Derscheid and Toussaint (16) 
have pointed out that the broncho-cavitary junction is a tangential or 
funnel-shaped canal and that it is not always possible to designate macro- 
scopically or on serial microscopical section the ending of the cavity and 
the beginning of the bronchus. The three layers of caseous or pyogenic 
membrane, zone of granulation tissue and zone of fibrous tissue of the 
cavity are almost invariably seen at the broncho-cavitary junction, with 
the two outer layers dominating the picture. The lumen of this junction 
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is usually narrowed although it may be widely patent. In the former 
event it is not difficult to conceive that there may be a proliferation of 
the endobronchial granulation tissue until opposite surfaces join and the 
lumen is obliterated. In cases where closure does not occur it is probable 
that continued infection of the granulating surface keeps pace with, or 
is perhaps ahead of, the proliferative processes of the granulation tissue; 
or continued tuberculous infection of the surface will not allow permanent 
union between the apposing surfaces. Closure of the broncho-cavitary 
junction may be assisted by other extrinsic factors. The outer fibrous 
layer of the cavity and bronchus at their communication may contract, 
thus narrowing the junction and approximate the granulating surfaces. 

Collapse therapy may aid the process of bronchial occlusion. Follow- 
ing the institution of pneumothorax, thoracoplasty or other collapse 
measures there may result a distortion in the course of the bronchus, or, 
if the extrabronchial pressure is raised above the intrabronchial pressure, 
an actual collapse of the bronchial walls may occur, thus causing an 
apposition of the granulating surfaces and thereby facilitate their union. 
If the granulating surfaces unite firmly, the occlusion will be lasting and 
the cavity permanently closed. If the apposition is transient, the cavity 
will reopen upon release of pneumothorax; if the union is incomplete or 
absent the cavity will remain open either in its original shape or in a 
distorted form (as seen following thoracoplasty). 

The end result in the healing of the excavation will depend upon the 
stage of development of the cavity at the time of bronchial closure, that 
is, the thickness of the cavity wall, the state of the surrounding tissue, 
the amount of caseation in the wall, and the vascularity of the granula- 
tion tissue layer with its effect upon the absorption of gases. If the 
bronchus closed at a time when the cavity wall was thin, contained little 
caseation on its inner wall, the surrounding tissue elastic and aerable, 
and the vascularity of the granulating surface ample for rapid absorption 
of gases within the cavity thereby causing a decrease in the intracavitary 
pressure, the cavity will contract rapidly and probably heal by scar 
formation. If the cavity wall is thick and fibrotic, the surrounding tis- 
sue indurated and inelastic, the absorptive capacity of the cavity surface 
poor and the inner wall lined by a wide zone of caseation, an inspissated 
cavity will probably result. 

After closure of the draining bronchi, a neighboring area of caseation 
may liquefy and perforate into the lumen of the inspissated cavity. We 
have observed this in one case. If such an area of liquefaction should 
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then open into a bronchus, evacuation of the caseous material from the 
inspissated cavity would occur, producing an apparent reopening of the 
older cavity. 

Sweany (4) is of the opinion that there is more to the closure of cavities 
than the closure of the draining bronchi. He believes that there are 
two natural avenues of cavity healing. He stresses the importance of 
the organizing fibrous tissue which develops between the layers of the 
pleura and contracts the cavity within the lung. Huebschmann (7) is 
of the contrary opinion that those portions of the lung containing cavities 
are held firm by pleural adhesions which prevent collapse of the cavity. 
The second avenue, Sweany points out, is the organization of the pro- 
liferating granulation tissue of the inner wall of the cavity which en- 
croaches on the cavity lumen. While these factors may play a réle in 
the obliteration of the cavity, we believe that they are secondary in im- 
portance to the severing of the broncho-cavitary communication. 

Jacquerod (17) believed that the compensatory emphysema of the 
healthy parts of the lung surrounding the cavity gradually compresses 
the walls of the vomica and leads to their complete coalescence. Pot- 
tenger (18) expressed essentially the same view with regard to acute 
cavities occurring in normal lung that was not bound down by pleural 
adhesions. Our studies, however, lead us to believe that emphysema is 
a result rather than a cause of cavity healing. Every tuberculous focus 
in the lung undergoing healing with fibrosis results in a dilatation of the 
surrounding alveoli. 

Pinner (6) states that a cavity that has no fibrous wall or only a soft 
and elastic wall is held open by the centrifugal tension of the surrounding 
pulmonary tissue. He believes that release of this elastic pull about 
such cavities, as by satisfactory collapse, approximates the wall and 
makes healing possible. 

Bronkhorst (19) believes that the elasticity of the surrounding pul- 
monary tissue is the cause of contraction of a cavity and that occlusion 
of the bronchus does not lead to cavity closure. Marienfeld (20) ex- 
presses the view that a cavity is more likely to collapse in the presence 
of sufficiently healthy. surrounding lung tissue. Tchertkoff and Bo- 
browitz (8) point out that the presence of elastic pulmonary tissue about 
a cavity is important in that it permits hypertrophy of the lung to fill 
the space formerly occupied by the cavity which collapsed after occlusion 
of its draining bronchi. 

The size of the cavity undoubtedly plays a réle in its closure. There 
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is no unanimity of opinion as to the size of a cavity which is capable 
of closed healing without the aid of collapse therapy. Huebschmann (7) 
believes that “‘closed’’ healing occurs only in cavities up to the size of a 
hazel nut. Graeff (21) thinks that a cavity must be less than pea- to 
cherry-size to close. Long (22) is of the opinion that a cavity capable of 
such healing must be about 1.0 cm. in diameter. Bacmeister (23), 
Alexander (24) and Tchertkoff and Bobrowitz (8), through roentgeno- 
graphic studies, concluded that cavities over the size of a cherry are 
capable of “‘closed” healing. Our own observations agree with the 
latter view. 


HEALING WITH AN OPEN CAVITY—‘‘OPEN’”’ HEALING 


Although this form of healing is most frequently described in the 
pathological literature, there is much controversy among pathologists 
as to whether the term “healing” is applicable to this process. Such 
instances which have been termed ‘‘cleaning” of excavations have been 
observed by Orth (25), Fisher (26), Giegler (27), Alexander (24), Pagel 
and Robinson (28), Hansemann (1), Graeff (21) and others. Huebsch- 
‘mann (7) has pointed out that cavities of any size may show this form 
of healing. In the ordinary course of events in progressive pulmonary 
tuberculosis, the tuberculous cavity shows progressive changes either by 
extension of caseation from within outward or by the rupture of caseous 
foci present in the outer wall of the cavity into the lumen. 

The healing of such cavities may occur in the presence of draining 
bronchi which open widely into the cavity lumen. There are two com- 
ponents in this form of healing: one is the complete shedding of the inner 
caseous zone manifested clinically by the disappearance and persistent 
absence of tubercle bacilli from the sputum. The other component is 
the transformation of the tuberculous granulation tissue of the cavity 
wall into nonspecific fibrous tissue. 

We have observed “‘open”’ healing in one case which had patent cavities 
in three lobes. 


Case 5: L. P. was a forty-six year old white male who had a gradual onset 
of pulmonary tuberculosis in July, 1926. He entered Sea View Hospital 
in November, 1926 when sputum examination was positive for acid-fast bacilli 
and chest X-ray films revealed bilateral caseous pneumonic and exudative 
productive disease with cavitation. The patient was treated conservatively 
with resorption of the exudative elements but persistence of the annular 
shadows on the roentgenogram. Sputa were persistently positive until No- 
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vember, 1928 when conversion occurred. The patient was subsequently dis- 
charged and employed at the hospital asa helper. He continued in this status 
from 1928 to 1937 with persistent annular shadows bilaterally on X-ray films 
and negative sputa. In May, 1937 the patient had a sudden and immediately 
fatal haemoptysis. 

At autopsy, the pleurae were thickened and adherent bilaterally. The 
left upper lobe contained an irregular 2.5 by 1.0 cm. cavity in its posterior 
aspect. The cavity was lined by a smooth gray membrane. The cavity 
communicated freely with a branch of the left upper lobe bronchus. The 
left lower lobe contained an irregular 2.7 by 1.2 cm. cavity lined by a dirty 
gray membrane and filled with blood clot. In the lower medial aspect oi the 
cavity there was a communication between the cavity lumen and a ruptured 
aneurysm of a branch of the pulmonary artery. The cavity communicated 
freely with a branch of the left lower lobe bronchus. Present in the right upper 
lobe was a 2.5 by 2.0 cm. excavation lined by a smooth membrane. This 
cavity communicated with a branch of the right upper lobe bronchus. The 
remainder of the lung was emphysematous and contained occasional encapsu- 
lated caseous foci. 

Histological examination of each of the cavities demonstrated an incomplete 
but extensive epithelial lining of columnar and stratified squamous cells. The 
epithelium rested on a granulation tissue which contained an occasional Lang- 
hans’ giant cell. The outer layer of the cavity wall was composed of fibrous 
connective tissue which extended into the adjacent pulmonary tissue. 


In summary, this is a case of bilateral caseous pneumonic tuberculosis 
with cavitation in which sputum became negative although excavations 
were still visualized on X-ray films. These excavations at autopsy 


PLATE V 


L. P. (Case 5.) X-ray film in January, 1932 (fig. 1) demonstrates areas suspicious of 
cavitation (x) in the right upper lung field, and multiple annular densities (y) in the left 
upper lung field. A subsequent film in May, 1937 (fig. 2) demonstrates the persistence of 
the left pulmonary cavity (y’) but no longer reveals a definite cavity on the right side. 

Coronal section of the lungs (fig. 3) demonstrates a shrunken right upper lobe containing 
a cavity (a). Branches of the right upper lobe bronchus (b) open into the cavity. A large 
portion of the left upper lobe (c) is replaced by fibrous tissue. Emphysematous lung paren- 
chyma (d) encircles the connective tissue. The pleurae (e) over both upper lobes are markedly 
thickened. A cavity (f) is present in the left lung corresponding to the X-ray film. 

An enlarged section (fig. 4) of the posterior portion of the left lung reveals the rupture 
of a large branch of the left lower lobe pulmonary artery (a) into the cavity (b) located in 
the left lower lobe. A cavity (c) is also noted in the left upper lobe. 

Photomicrograph of a portion of the cavity wall in the left lower lobe (fig. 5). The inner 
wall of the excavation is lined by squamous epithelium (a). Beyond this is a wide layer of 
vascular granulation tissue (b). This in turn is encircled by a less cellular and less vascular 
loose connective tissue (c). 
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showed a noninfective surface as evidenced by the absence of caseous 
or pyogenic membrane and the presence of partial epithelialization. The 
cavities communicated freely with their draining bronchi. 

The pathology of ‘open’ healing: The inner surfaces of the cavities 
observed were lined by a red or gray membrane. Caseous particles were 
absent from the inner membrane. Trabeculae traversed the walls of the 
excavations. The cavity walls were thick and occasionally fused with 
the overlying thickened visceral pleura. The size of the cavities varied 
from 2.0 to 3.0 cm. in diameter. The bronchi opening into the cavities 
were widely patent and their lining membrane was smooth and gray. 
The surrounding lung parenchyma was contracted and fibrotic in some 
areas and emphysematous in other. Encapsulated caseous foci were 
scattered through the tissue. 

Microscopically, the development of healing changes in the walls of 
cavities appears to be the same in the ‘“‘open” as in the “closed”’ healing 
types. There is a gradual transformation of the wall into fibrous tissue 
at the expense of the specific tuberculous elements. In addition in the 
case observed, there was an extensive but incomplete epithelialization of 
the inner surface of the cavities. This type of cavity was found by 
Saugman (29) to be bacteriologically healed. 

The question arises as to whether we are justified in considering cases 
healed which show specific tuberculous elements within the cavity walls. 
Schmincke (30) states that anatomical healing may be considered only 
when all specific elements have completely disappeared from the cavity 
wall; that although the tuberculous process may be replaced by con- 
nective tissue, a state of affairs is present which might lead to further 
exacerbation through a change in resistance. We do not agree with 
Schmincke since we cannot understand how an undifferentiated connec- 
tive tissue which has replaced a former tuberculous granulation tissue, 
in the absence of a tuberculous process, may be the site of an exacer- 
bation. 

Melzer (31) in discussing the pathological criteria for a healed “‘open” 
cavity states that (/) the cavity must be sharply demarcated by fibrous 
tissue; (2) no tubercle bacilli may be present in the wall; (3) caseation 
or other tuberculous elements must be absent in the cavity wall. He 
then raises the question as to whether such a cavity is not a bronchiectatic 
excavation rather than a tuberculous vomica. We have encountered 
this difficulty in one individual who was a patient at Sea View Hospital 
for fourteen years. In this patient sputum was negative for the last 
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four years of life. A pulmonary cavity was never visualized on X-ray 
films and her picture at its onset appeared to be a tuberculous bronchitis. 
At autopsy, a cavity was present in a markedly shrunken right upper 
lobe showing no evidence of tuberculosis in its wall. 

Epithelialization, which at first glance might appear to be evidence 
of a healed cavity, is only equivocal evidence of healing. Huebschmann 
states that he has never observed epithelialization of an ‘open’ healed 
cavity although he does not doubt that it may occur. Pinner (6) be- 
lieves epithelialization of a clean cavity wall is extremely rare and occurs 
only in minute cavities. We have observed partial epithelialization of 
chronic cavities often enough to say that it is not 1n infrequent occur- 
rence. The frequency of epithelialization increased in the more chronic 
cavities even in the face of positive sputum. The epithelium is columnar 
or squamous in character. Wherever an epithelial lining is observed, 
there is no underlying pyogenic or caseous layer. In these cavities, 
however, other portions of the wall show progression in the form of case- 
ous foci perforating into the lumen of the cavity or a spreading caseous 
membrane. 

We have also noted epithelialization in less chronic cavities in cases 
having surgical cavernostomies. One of these was a Monaldi drainage. 
In these cases there was a partial absence of the inner caseous and pyo- 
genic membrane. The inner surface of the cavity was smooth and red 
or gray. Microscopically a partial epithelialization of varying extent 
was found. Similar instances of epithelialization of a cavity wall follow- 
ing the development of a pulmonary cutaneous fistula have been observed 
by Pagel (32) and Koch (33). 

These observations are of significance in view of the present utilization 
of the Monaldi procedure which, in actuality, is a pulmonary-cutaneous 
fistula. We believe such drainage of the cavity results in an accelerated 
“cleaning out’ of the bacillus-laden caseous material from the lumen 
and inner surface of the cavity, leaving a relatively sterile granulating 
surface. This allows epithelialization of the clean areas of the surface. 
In view of this, it should be interesting to note whether the Monaldi 
operation and its subsequent cavity drainage will allow a more complete 
expulsion of the caseous zone from the inner wall and render “open” 
healing a more frequent occurrence. 

Factors in “open” healing: The circumstances which control the halt- 
ing of progressive cavitation in the face of open bronchi and result in 
bacteriological healing are not at all clear. This healing may occur 
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even in the presence of extensive chronic pulmonary tuberculosis as in 
the case presented where cavities were present in three lobes, in addition 
to encapsulated caseous foci in all lobes. 

One factor would appear to be a wide broncho-cavitary communica- 
tion permitting an extensive and complete shedding of the inner infectious 
lining of the cavities. The findings in cavernostomies of tuberculous 
cavities point toward this view. However, of greater importance than 
a mechanical factor, especially in the face of simultaneous healing of 
three differently situated cavities and scattered tuberculous foci, would 
appear to be a change in the immunological relations between the in- 
vading organism and infected host. 


CONCLUSIONS 


1. A qualitative study is made of the pathology of the clinically healed 
tuberculous cavity. 

2. The material is derived from those cases which showed (a) a per- 
sistently negative sputum following conversion from a positive state and 
(b) a complete serial roentgenographic study of the cavities during life. 

3. There are two types of cavity healing: (a) ‘‘closed”’ healing in which 
the cavity is either replaced by a fibrous scar or the lumen is obliterated 
by retained caseation; and (b) “‘open”’ healing in which the lumen re- 
mains patent. 

4. One case of healing with scar as an end result is reported. 

5. Healing with inspissation of the caseous contents is the most fre- 
quent form of cavity healing observed at necropsy. Three cases of this 
form of cavity healing are reported. 

6. “Closed” healing occurs after the closure of the draining bronchi. 
The bronchi entering the tuberculous cavity are often narrow and show 
tuberculous changes similar to that of the cavity wall. The proliferation 
of the endobronchical granulation tissue may unite the opposing sur- 
faces. 

7. Closure of the bronchi may be aided by the contraction of the cavity 
wall, thus narrowing and approximating the bronchi at the broncho- 
cavitary junction. 

8. Collapse therapy may aid the bronchial occlusion either through a 
distortion of the course of the bronchi or through an apposition of the 
bronchial walls. 

9. Whether the “‘closed ”’ healing of the cavity results in a scar or in 
an inspissation of the caseous contents depends upon the thickness of 
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the cavity wall, the amount of caseation in the cavity wall, the vascularity 
of the cavity wall, and the state of the surrounding tissue at the time of 
bronchial closure. 

10. The pathology of the healing tuberculous cavity in the “closed” 
form is characterized by the transformation of the cavity wall into fibrous 
tissue by an increase of connective tissue fibres at the expense of the 
cellular elements. In the cases where scar formation is the end result 
the inner lining is invaded by a granulation tissue which, as it fuses, P| 
obliterates the lumen. In the inspissated cavities a central fragmented y 
zone of caseation fills the cavity lumen and is surrounded by a concentric : | 
zone of hyalinized connective tissue. q 

11. One case of open healing of three cavities is described. The bron- 7 
chi open widely into the cavity. Caseation is absent from the wall. 
There is a gradual transformation of the wall into fibrous tissue at the a 
expense of the specific tuberculous elements. Extensive but incomplete ; 
epithelialization is present in all three cavities in the case described. 
This is an example of bacteriological healing. 
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HEALING OF TUBERCULOUS CAVITIES':’ 


MAX PINNER 


It is generally agreed that anatomical evidence of healed tuberculous 
cavities is quite rare. Sorare, indeed, that most writers on this subject 
have never seen such evidence. Auerbach’s (1) review of the literature 
quotes the few available reports. He classifies the process of healing as 
follows: 


i: Healing by obliteration of the cavity lumen 
a. With scar formation 
b. With inspissation of the caseous contents 
2: Open healing 


It would seem that a more pertinent classification would distinguish 
between complete and incomplete anatomical healing. Complete ana- 
tomical healing is achieved only when all specific tuberculous tissue and 
tubercle bacilli have disappeared and are replaced by scar tissue. When 


caseous bacilliferous material remains, although it may appear to be well 
encapsulated, anatomical healing is not complete, although such a situa- 
tion may represent an important step toward an anatomically healed 
lesion. The potentialities of such an encapsulated lesion are uncertain, 
as many clinical and roentgenological observations indicate. Cavities 
that become blocked by bronchial occlusion may, sometimes following 
long periods of blockage, reopen and produce bacilliferous sputum and 
intrabronchial dissemination. One such example is shown in figure 1, 
where reopening occurred two years following blocking. Such occur- 
rences are not rare and one should designate cavities as healed only when 
the anatomical development is so definitive that reopening cannot occur. 
Since in blocked cavities one can never be certain of the nature of further 
developments, it may be wise to consider thoracoplasty as soon as ap- 


1 From the Division of Pulmonary Diseases, Montefiore Hospital for Chronic Diseases, 
New York City. 

2 Read in part as a discussion of the paper by Dr. Oscar Auerbach, The Pathology of Clini- 
cally Healed Tuberculous Cavities, at a joint session of the National Tuberculosis Association, 
American Trudeau Society and the American Association for Thoracic Surgery, Cleveland 
Ohio, June 6, 1940. 
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parently complete blockage has occurred, especially since, on reopening, 
such cavities, having a stenosed bronchus, present rather discouraging 
problems for collapse therapy. 

The cavities that Auerbach describes under the heading of ‘“‘closed 
healing” are really cold abscesses, that is, encapsulated masses of caseous 
tissue. Auerbach is careful in speaking of “‘clinically healed cavities”’ 
which may be taken as the pathologist’s polite way of saying that they 
are not really healed. 


Fic. 1A. (left) Roentgenogram of August 31, 1935 showing a blocked cavity in the left 
subclavicular region. That this is a blocked cavity is proved by a series of previous roentgen- 
ograms showing a patent cavity lumen. 

Fic. 1B. (right) Roentgenogram of the same patient of July 7, 1937. The cavity has re- 
opened and shows a fluid level. In the preceding two years the lesion migrated slowly up- 
ward, as shown by intervening roentgenograms; this migration was apparently caused by a 
shrinkage of the left upper lobe, due to bronchial obstruction. 


A truly healed cavity is a scar regardless of the mechanism that pro- 
duced healing. Auerbach has justly criticized previous statements of 
mine (2) in which I denied the probability that bronchial occlusion may 
produce cavity closure. These statements must be corrected in the light 
of newer knowledge. There is no doubt that bronchi draining cavities 
may become occluded without causing the clinically malignant events of 
sputum retention, whereas in my former statements I assumed that the 
syndrome of sputum retention would invariably follow bronchial occlu- 
sion. It has been shown in recent years, as mentioned by Auerbach, that 
some tuberculous cavities, contrary to previously held views, are not 
secondarily infected. In such cavities bronchial occlusion will not cause 
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the toxaemic manifestations of sputum retention and, if the bronchial 
occlusion is complete and of sufficiently long duration, the cavity must 
close. Coryllos (3) deserves great credit for having drawn attention to 
this important mechanism. However, some, and apparently a large 
percentage, of tuberculous cavities are secondarily infected, and,. if 
their draining bronchus becomes occluded, the result is a grave clinical 
complication and not a process of healing. Furthermore, both intra- 
and extrabronchial processes lead probably more frequently to partial 
obstruction rather than to complete and permanent occlusion, with the 
result of intermittent sputum retention and ballooning of the cavities. 
For examples of this, the reader is referred to a recent paper by Aufses 
(4). The great potential danger of bronchial stenosis must be empha- 
sized as a warning against indiscriminate attempts to produce artificially 
bronchial occlusions. Clinical and bacteriological observations prove 
beyond doubt that many tuberculous cavities harbor pyogenic invaders 
and that complete or partial occlusion of their bronchi may lead to 
dangerous consequences. 

With the dearth of anatomical material showing healed cavities, it is 
risky to make definite statements as to the process of healing. That 
bronchial occlusion is one possible mechanism is not to be questioned any 
more. But the statement that bronchial occlusion is the only possible 
mechanism is open to doubt. The physical situation created by bron- 
chial occlusion must by necessity lead to a rather rapid disappearance 
of the cavity lumen. Cavities that are seen to contract slowly over a 
period of many months are most unlikely to close because of bronchial, 
occlusion. In such cavities it is more likely that a slow fibrosing process 
occurs in which the retraction of scar tissue plays an important rdle. 
The morphology of such cavity scars is highly suggestive of the type of 
process just mentioned. I have described in some detail two such 
cavity scars (2). 

Since then I have observed one more completely healed cavity and 
one case in which the healing process of a cavity had progressed to the 
extent that the relation between cavity closure and behavior of its 
bronchus could be analyzed. 


The first patient (D. S. 58), a World War veteran, fifty-one years old, died of 
tuberculous serositis and generalized miliary tuberculosis. He had had 
pulmonary tuberculosis since 1922, complicated by tuberculous peritonitis, 
tuberculosis of the third and fourth lumbar vertebrae, tuberculous pericarditis 
and tuberculosis of the left kidney. During the last few years he had not been 
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under regular medical care, so that his last available chest roentgenogram was 
from 1929. This showed moderately advanced bilateral upper lobe lesions 
with a cavity, 2 cm. in diameter, directly below the right clavicle. He died 
on April 16, 1935. In the right lung, corresponding in location to the sub- 
clavicular cavity, there is a very firm, white, elongated, star-shaped scar, 
measuring 1.5 cm. in largest diameter. It is located in the posterior half of 
the upper lobe, closely underneath the considerably thickened and somewhat 
retracted pleura. The bronchus leading to this scar is patent and can easily 
be traced directly into the scar tissue. This bronchus is possibly slightly 
dilated, but otherwise of normal appearance. The gross appearance of this 
scar is shown in figure 2. 

A tessar magnification of a section through the centre of this scar is shown 
in figure 3. The unpigmented centre is composed of hyaline tissue; immedi- 
ately peripheral to this is younger fibrous tissue and surrounding this are ir- 
regular masses of densely anthracotic fibrosis. The whole scar is surrounded 
by emphysematous pulmonary tissue. Several dilated and distorted small 
bronchial branches reach right into the anthracotic scar tissue. The centre 
of the scar does not show any caseation nor specific granulation tissue. Figure 
4 shows a section through a small dilated bronchus with somewhat flattened 
epithelium. The epithelium is the only recognizable bronchial structure; it 
is embedded in dense fibrotic tissue. This bronchus, as indicated by the sur- 
rounding fibrosis, was located within the scar. Figure 5 is a section through 
the bronchus leading to the scar; it was taken where the bronchus fused with 
the scar, at a point indicated by the arrow in figure 2. Figure 5 shows that the 
lumen of the bronchus is patent and lined by normal bronchial epithelium. 


The second patient (I-22) was a forty-nine year old man who had had pul- 
monary tuberculosis of moderate extent for six years. Two years before his 
death his roentgenogram showed a cavity, 2.5 cm. in diameter, directly below 
the right clavicle. His sputum contained tubercle bacilli. He had evidence 
of moderate diffuse emphysema. Under bed-rest his cavity shrank very slowly 
until, about six months before his death, the cavity was no longer visible. At 
this time several sputum specimens were negative. The patient died following 
a brief, highly febrile illness. The cause of death was a diffuse purulent bron- 


Fic. 2. Case 1. Section of right upper lobe, showing the subpleural cavity scar with 
patent bronchus leading into it. 

Fic. 3. Section through cavity scar in fig. 2. Haematoxylin-Eosin. Tessar 32. 

Fic. 4. Section through a small, dilated bronchus situated within the cavity scar. Haema- 
toxylin-Eosin, Obj. 22.7—Oc. 5. 

Fic. 5. Section through the bronchus leading to the scar shown in fig. 2. This section 
was taken at the point indicated by the arrow in fig. 2. Haematoxylin-Eosin. Obj. 22.7— 
Oc. 5. 

Fic. 6. Section through the right upper lobe of case 2, showing the subpleural cavity scar. 
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chitis and bronchiolitis. The pertinent findings were confined to the right 
upper lobe of the lung. Over the lateral posterior aspect of this lobe there is 
an oval area, measuring 5 cm. in longest diameter, in which the pleura is thick- 
ened up to 0.5 cm. by hyaline scar tissue of the consistency of cartilage. On 
cut section (figure 6) it is seen that the pleural scar fuses with similar scar tissue 
in the subpleural pulmonary parenchyma. From the centre of this white 
scar a few bands of scar tissue radiate upward, downward and toward the 
hilum. In the centre of the scar there is a small cavity, measuring less than 
0.5 cm. in diameter. The cavity contains some gritty and liquefied material. 
A bronchus can be followed directly into this residual cavity. 

The histological details of this scar and residual cavity are so strikingly 
similar to those in the first case that their further description and illustration 
would be repetitious. The wall of the cavity showed only hyaline scar tissue 
and no granulation tissue. Smears of the cavity contents however contained 
many acid-fast bacilli. 


DISCUSSION 


These 2 cases provide a further casuistic contribution to the mor- 
phology and mechanism of cavity healing. The cavity-bronchus rela 
tion is particularly important. In the first case in which a cavity is 
completely replaced by a scar, the patent bronchus ends in the scar tissue 


and it may be impossible to say whether the cavity healed because the 
bronchus became occluded, or whether the bronchus is occluded because 
the cavity lumen into which it must have led became obliterated. How- 
ever, the demonstration of essentially normal bronchial lumina in the 
scar tissue is rather suggestive of the latter possibility. In the second 
case a cavity had shrunk from a diameter of about 2.5 cm. to less than 
0.5 cm. with a patent broncho-cavitary connection still demonstrable. 
It can, then, definitely be asserted that almost complete anatomical 
healing had developed in the presence of a patent draining bronchus. 
The morphology of the scar in this second case is identical with that in 
the first case, save for the small residual cavity filled with bacilliferous 
material. Since the healing process had progressed so far,.one might 
justifiably assume that it might have progressed to complete scarring and 
obliteration of the cavity had the patient lived long enough, and one may 
speculate that the same process—fibrotic obliteration of a cavity in the 
presence of a patent bronchus—might have been responsible for the 
healing in the first case. 

In the present state of our knowledge and with the extremely limited 
anatomical evidence available, it is premature to venture an opinion 
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as to the relative frequency of the different mechanisms of healing. It 
can only be said that a cavity may heal with occluded or with open bron- 
chus, that one form of healing is represented by what Auerbach has de- 
scribed as “open healing” and others by “healing of the cavity wall” 
and it is further likely that tuberculous cavities may be transformed into 
nontuberculous cavities, that is, actively secreting and possibly progres- 
sing vomicae in which all tuberculous tissue has been replaced by non- 
specific tissue, and tubercle bacilli by secondary invaders. Further 
pathological studies are urgently needed. 


SUMMARY 


1. The bronchial factor in the healing of tuberculous cavities is dis- 
cussed. 

2. “Blocked cavities” should not be considered healed, since they may 
contain viable tubercle bacilli and since they frequently reopen, even 
after blockage has existed for long periods. Possible therapeutic con- 
clusions of these anatomical findings are mentioned. 

3. Two cases are presented, one of complete and one of nearly complete 
cavity healing. These cases suggest strongly that tuberculous cavities 
can heal without bronchial occlusion. 
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ANGULAR ROENTGENOGRAPHY OF THE PULMONARY 
APEX: 


LEON RAMO anp MISCHA J. LUSTOK 
With the technical assistance of Leone W. Stroud 


The use of a new and untried method of diagnosis is always open to 
criticism. Especially is this true when the accepted method has proved 
so satisfactory. To suggest that the otherwise excellent, routine, flat 
plate requires the aid of a special technique when used to diagnose apical 
lesions is likely to incur the wrath of the profession. Nevertheless, such 
is our intention; for a study of a large series of routine chest plates (six- 
foot, P-A roentgenograms) will always point to one very definite dis- 
advantage of these films: apical structures are so close together that 
differentiation is often difficult. While crowding and overlapping of 
ribs, clavicle and parenchyma seldom interfere with diagnosis, there are 
times when the important involvement—the one on which therapy will 
be based—cannot be identified for this very reason. When such identifi- 
cation is important, as it often is in tuberculosis, the phthisiologist has 
recourse to one of three methods: stereoscopy, analysis of physical and 
laboratory findings, or, if these two are inconclusive, special technique 
for visualizing the pulmonary apex. 

While stereoscopy will identify a certain number of these questioned 
lesions, its routine use merely to prevent difficulties in so few cases is not 
commensurate with the additional expense incurred. Single plates are 
so accurate—Exner and Rigler (1) found that they resulted in an error 
of less than .4 per cent—that stereoscopy is needed only where perspective 
is required. And even this can be attained without the stereoscope, by 
comparing corresponding points on films taken at different angles. 

Physical examination, alone, cannot be relied upon for exact diagnosis. 
Therefore, the phthisiologist must seek special methods. 


1From the Medical and Roentgenological Departments of the Jewish Consumptives’ 
Relief Society, Spivak, Colorado. 

Read by Dr. Ramo at the meeting of the Denver Sanatorium Association, Denver, 
Colorado, October 24, 1939. 
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Since September, 1938, flat plates have been used routinely at this 
institution. Of 1,212 films on 447 patients only 28 have presented apical 
lesions which could not be identified; both the flat plate and physical 
findings were inconclusive. Because the course of treatment was de- 
pendent upon the character of the apical involvement, definite informa- 
tion was essential. Of the 28 cases, 10 had unilateral infections and 
presented the question, “Is collapse therapy indicated and if so, is the 
lesion amenable to such treatment?” Eleven had bilateral involvement 
and, here, the problem was which side to collapse first if collapse was 
indicated. The remaining 7 patients had received or were receiving some 
form of treatment with apparent effectiveness; but there was some doubt 
as to the status of the original lesion. Each case presented an urgent 
need for further investigation of the pulmonary apex. 

The 10 unilateral cases were chronic, all but one having had the disease 
for more than three years. Only 6 of these had received previous col- 
lapse therapy; and this without success. Four patients had a positive 
sputum, which in itself was a strong indication for collapse therapy; but 
from the flat plate and physical examination it was not possible to deter- 
mine whether or not the lesion would lend itself to such treatment. Im- 
proved apical visualization was essential. Although the remaining 6 
had negative sputa, they could not be given consent to be discharged 
because physical findings and flat plate interpretations were suggestive 
of cavitation. Only exploration of the apex could settle the issue. 

Five of the bilateral cases had definite major lesions, which required 
or were receiving collapse therapy; the other 6 patients presented nearly 
symmetrical lesions on the two sides. The identification of the apical 
lesion in the better lung was essential in the former, while in the latter 
the involvements in both apices were in question. Since some major 
procedure was being considered for the well recognized involvements 
(pneumonolysis, corrective thoracoplasty and first stage thoracoplasties) 
it was important to know whether the contralateral lesion would present 
a contraindication or would require collapse therapy itself. In patients 
with symmetrical lesions, the presence of cavitation on either side would 
suggest the course of treatment to be followed. Because this vital 
information could not be obtained from either the flat plate or clinical 
findings, it seemed important that some other method of exploring the 
pulmonary apex be used. 

Four patients had received a phrenemphraxis for a very definite apical 
lesion which at this time seemed to have disappeared. Since the physical 
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findings and laboratory work seemed to contradict this possibility, it was 
important to explore the apical region and determine whether the lesion 
was hidden behind the bony structures there. In 2 patients there 
seemed to be an annular shadow in the uncollapsed apex of an otherwise 
effectively collapsed lung with negative sputum. Here, also, the future 
course of treatment would be based on the character of the questioned 
lesion, which could only be established by special investigation of the 
apex. 

From a consideration of the problems presented, it was quite evident 
that a method of taking X-ray films which would improve the visibility 
of the structures in the apex ought to prove of value in the interpretation 
of obscured apical lesions. Other workers have felt this need and have 
attempted to surmount the shortcomings of the flat plate in various ways. 
The following techniques have been proposed: a lateral view with the 
arms above the head (2, 3), exposures taken during forced expiration (4), 
a view of the apex from below (5), a routine film taken with the arms 
above the head (6) and the tomograph. None of these suggestions 
seemed so suitable for the purpose as the method we finally chose. Al- 
though synthetically created from a consideration of our requirements, 
our technique nevertheless is not entirely original. Deutschmann (7) 
used a very similar one. : 


TECHNIQUE 


The technique we employed was as follows: 


that of routine 
film) 

One half that for the 
routine film 


Tube is always centered on the apex of the lung, shifting it down for the up tilt and high for 
the opposite tilt. 


Theoretically the advantages would be: 


1: Displacement of the clavicle from the immediate field of view. See figure 
1. Tilting the tube down displaces the clavicle upward; likewise, the opposite 
tilt shifts it down. 

2: Magnification of the structures because of the shorter tube-to-patient 
distance. 


a 35 decrees up or down 
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3: Separation of the first five ribs because of the oblique view; thus visualizing 
more lung parenchyma. 


The apparent disadvantages of the method would be: 


1: The uncertainty of an untried diagnostic procedure. 
2: Distortion of structures, which would be less in the apex where the tube is 


y ° 
tilted down 35 
and raised, 
Distance 36” 


Xeray tube 

tilted up 35° 

and lowered, 

Distance 36" Casette 


Fig. 1, LATERAL VIEW, UPPER THORACIC CAGE AWD CLAVICLE, 


Schematic representation of the relative positions of the olavicle 
and posterior rib segnents when projected in the routine manner and by an 
angular or tilted tube method, 


focused but greater at the base of the lung. The technique should not be used 
to identify basal lesions. 

3: Anterior lesions lying behind the clavicle might still be invisible on the 
apical plate, since they would be displaced nearly as much as this bone. How- 
ever, aside from this possibility, no lesion in the apex would be rendered invis- 
ible by angular projection. Moreover if the lesion has three dimensions, for 
example, a cavity, its projection by any method will always remain an annular 
shadow. 
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That the above conclusions are true can be seen from a study of the 
films illustrated in figures 3A and B, 4A and B, 6A andB. A comparison 
of the routine films (figures 3A, 4A and 6A) with the apical visualizing 
films (figures 3B, 4B and 6B) will corroborate the points made above. 
On the latter plates, the area above the fifth rib, posteriorly, is about 
double that on the regular film. Moreover, the ribs are more widely 
separated disclosing more lung tissue. On figures 3B and 4B the clavicle 
has been displaced upward by a down tilt of the tube. On figure 6B, 
the clavicle has shifted down because the tube was tilted up. (On the 
former the clavicle lies opposite the second rib, posteriorly, and on the 
latter, opposite the seventh. The usual position is the fourth.) In 
both, the end result remains the same; a less obstructed view of the apex is 
achieved. The effect of the angular projection of the pulmonary apex 
on definite excavations is apparent in figures 3A and B. Comparing the 
two films, the right upper lobe cavity is seen to be elongated on the apical 
plate, but otherwise not markedly changed in its appearance. It can 
be readily recognized. Its position, posterior, can be ascertained easily 
by contrasting its shift on the apical plate with that of the clavicle and 
posterior rib segments. Its displacement corresponding more closely 
to that of ribs, it must be located posteriorly. 


RESULTS 


The described technique was applied in each of the 28 cases in our 
series. In order to judge its value, we studied the method from two 
standpoints: diagnostic and therapeutic. We were interested primarily 
in whether or not the improved apical visualization actually made 
interpretation more certain. In 23 out of the 28 cases it did just that; 
but in 5, displacing the clavicle and magnifying the apical structures 
proved of no help in establishing the character of the apical lesions. 
These patients had such dense, productive lesions that poor differentia- 
tion was the result of this rather than the crowding of apical structures. 

Our second interest was therapeutic. Was the technique helpful in 
deciding the course of treatment? In the series of 28, the therapy of 14 
was based primarily on our findings on the special apical films. In 10, 
it influenced our final decision; and in 4 it was of no help. 

That the technique had merit and was deserving of a place among 
the diagnostic methods was apparent from our study. The following 
case reports will illustrate this point. 


ANGULAR ROENTGENOGRAPHY 


CASE REPORTS 


Case 1: (Figures 2A and B.) This man had chronic, unilateral involvement 
and had been ill for fourteen years. At the time of admission to this institu- 


Fic. 2A. Case 1. Routine flat plate. Suggestive annular shadow right apex. 

Fic. 2B. Case 1. Apical plate—tube down. Linear shadow in right apex. No cavity. 

Fic. 3A. Case 2. Routine flat plate. Large cavity on right. Suspicious lesion in left 
infraclavicular region. 

Fic. 3B. Case 2. Apical plate—tube down. Definite annular shadow in left upper lobe. 

Fic. 4A. Case 3. Routine flat plate. Left artificial pneumothorax with apical adhesions. 
Suggestive annular shadow right, under the clavicle. 

Fic. 4B. Case 3. Apical plate—tube down. No hanging cavity on left. Definite 
annular shadow on the right. 
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tion he had a positive sputum, but it was soon converted on bed-rest. A 
right pneumothorax was attempted but no space was found. There was a 
partially obscured arciform shadow behind the right clavicle with physical 
signs that were suggestive but not conclusive (see figure 2A). Stereoscopy was 
also indefinite. An apical plate (figure 2B) was taken and revealed the linear 
nature of the lesion. Patient was then discharged. 


Case 2: (Figures 3A and B.) This woman had been a patient in this sanato- 
rium for three years. An attempt to close the large cavity on the right had 
resulted in a pleural effusion following pneumothorax and final abandonment. 
At this time (figure 3A) she was a candidate for surgical collapse on the right; 
but there was a suspicious area under the left clavicle which might be a contra- 
indication. We felt that a knowledge concerning the exact nature of this 
contralateral involvement was essential before proceeding. An apical plate 
settled the question by disclosing a cavity on the left which required first 
consideration (see figure 3B). 


Case 3: (Figures 4A and B.) This patient, a woman, demonstrated another 
use for the apical technique. Entering with a definite cavity on the left, she 
was at once given collapse therapy on this side by means of an artificial pneu- 
mothorax. Six months later because of persistently positive sputum, a pneu- 
monolysis was under consideration. There was a question in our minds 
whether the sputum was coming from a hanging cavity on the left or from the 
ill defined lesion behind the right clavicle (figure 4A). An apical plate an- 
swered the question. There was no hanging cavity on the left although the 
adhesions were numerous and more clearly seen. The lesion on the right 
was a definite cavity, which a pneumothorax controlled. (See figure 4B. 
Note the use of the apical technique for studying adhesions in the apex.) 


Case 4: (Figures 5A, B and C.) This man entered the institution with a 
definite annular shadow under the left clavicle (figure 5A). Six months after 
a phrenic crush on this side, the cavity was no longer seen (figure 5B). Be- 
cause the sputum had remained positive, the disappearance was questioned. 
It was felt that the lesion might be hidden behind the clavicle. An apical 
plate was taken (figure 5C) and showed that the cavity was nearly healed. 


Case 5: (Figures 6A and B.) This man was admitted with a basal pneumo- 
thorax on the right. His sputum was positive but was soon converted. There 
was an arciform shadow in the uncollapsed apex. Thoracoscopy precluded 
the possibility of a pneumonolysis to free the apex. If this ill defined lesion 
in the right apex was a cavity, the pneumothorax would have to be abandoned 
and surgery instituted. On the other hand, if the lesion was unimportant, 


ANGULAR ROENTGENOGRAPHY 745 


the man could be discharged. (See figure 6A.) An apical plate settled the 
issue by proving that the lesion was a group of infiltrations and not a cavity 
(see figure 6B). 


Fic. 5A. Case 4. Routine flat plate. Definite annular shadow under left clavicle. 

Fic. 5B. Case 4. Routine flat plate six months later. Cavity no longer visible. Left 
hemidiaphragm higher than before. 

Fic. 5C. Case 4. Apical plate—tube down. Very small annular shadow seen in left 
apex. 

Fic. 6A. Case 5. Routine flat plate. Right basal hydropneumothorax. Arciform 
shadow in right apex. 

Fic. 6B. Case 5. Apical plate—tube up. Several linear infiltrations seen in right apex. 
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CONCLUSIONS AND SUMMARY 


A special apical X-ray technique was applied in 28 cases whose apical 
lesions could not be definitely identified on the flat plate or recognized 
on physical examination; and an attempt was made to evaluate the 
method as a diagnostic agent. The following conclusions were reached: 

1. The technique is of greatest value where lesions in the apex are 
poorly defined on the flat plate because they are hidden behind the ribs 
or clavicle. 

2. It is of some value in studying apical adhesions. 

3. It may be used in place of the stereoscope for determining the an- 
teroposterior location of a lesion. 

4. Care must be used in interpreting lesions on the plates taken by 
this method since distortion and magnification are present. An apical 
film should never be interpreted without the aid of a flat plate. 
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TUBERCULOUS EMPYEMA!? 
A Critical Review of 112 Consecutive Cases 


JOHN H. SKAVLEM, McKINNIE L. PHELPS, LYNNE E. BAKER anp 
JAMES N. CHRISTIANSEN 


This study comprises a critical review of 112 consecutive cases of 
tuberculous empyema, observed during a four-year period, from 1936 
to 1939, at the Hamilton County Tuberculosis Hospital in Cincinnati, 
Ohio. During this time our conception of tuberculous empyema, from 
the standpoint of treatment and of prognosis, has changed materially. 
At the beginning of this period, tuberculous empyema was regarded as 
having an almost hopeless prognosis. Consequently, the treatment was 
indifferent. At present the tuberculous empyema problem is approached 
with more optimism and the treatment is therefore definite and energetic. 

For this study we define tuberculous empyema as a collection of frank 
pus in the pleural cavity, with tubercle bacilli demonstrated in the fluid 
either by direct smear or by guinea pig inoculation. These cases have 
been analyzed to determine what significant factors may predispose to 
the development of this condition and to evaluate the results of various 
methods of treatment. 

This study of 112 cases of tuberculous empyema included both white 
and colored patients, with a ratio of about 2 to 1. In practically all of 
these cases of tuberculous empyema, parenchymal pulmonary lesions 
were demonstrated either by roentgenograms of the chest or tubercle 
bacilli in the sputum. There were a few cases in which the empyema 
followed a simple pleurisy with effusion, the fluid originally being clear. 
Eight hundred ninety-eight cases of therapeutic pneumothorax were 
observed during this period; 94 of these developed empyema subsequent 
to the institution of the treatment. This indicates that 10.4 per cent 
of the cases receiving artificial pneumothorax developed empyema. In 
this series there were 15 cases of spontaneous pneumothoraces, most of 
which occurred subsequent to the induction of a therapeutic pneumo- 

1 Presented at a session of the Medical Section at the 35th annual meeting of the American 


Trudeau Society, Cleveland, Ohio, June 3, 1940. 
?From the Hamilton County Tuberculosis Sanatorium, Cincinnati, Ohio. 
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thorax. A few cases were discovered only by autopsy. These were 
found in far advanced cases of pulmonary tuberculosis in which the 
serious clinical condition of the patients made it impossible to arrive at 
a complete terminal diagnosis. 


Incidence 
Total therapeutic pneumothorax cases in four years..................... 898 
Total tuberculous empyema cases in four years..................00000000- 112 
Total empyema cases following a therapeutic pneumothorax............... 94 
Percentage of empyema cases following therapeutic pneumothorax.......... 10.4% 
Total tuberculous empyema cases following spontaneous pneumothorax. ... . 15 
Age Distribution 


A study of the age distribution of the patients reveals no significant 
facts. The age curve for empyema closely parallels the age curve for 
pulmonary tuberculosis. It indicates that tuberculous empyema, like 
pulmonary tuberculosis, is a disease of the young and middle-aged. 
There were only 3 cases over fifty years of age. 


Sex Distribution 


A study of the sex distribution indicates there was a decidedly higher 
percentage of males who developed empyema than females. The cause 
for this is not definitely determined, but it has been observed that a 
larger percentage of the male patients admitted to our institution are in 
the far advanced stage of pulmonary tuberculosis than the female 
patients. 


Race Distribution 


Empyema group: 
Pneumothorax group: 
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It is noted that there is a decidedly higher percentage of tuberculous 
empyemata in the colored patients than in the white patients. The sig- 
nificance of this will be further discussed under “types of lesions.” 


Types of Lesions 


Empyema group: 
Chronic fibroid type—22 cases. 
Chronic fibroid type with caseous bronchopneumonia—S59 cases 
Exudative type (pneumonic)—31 cases 


Pneumothorax group: 
Chronic fibroid type—380 cases 
Chronic fibroid type with caseous bronchopneumonia—373 cases... . - 
Exudative type (pneumonic)—145 cases 


Percentage of cases with caseous bronchopneumonia: 
Empyema group 
Pneumothorax group 


The facts revealed in this part of the study are most important and 
significant. The types of pulmonary lesions have been divided into 
three classes: 

1. Chronic fibroid: This type is characterized by pulmonary lesions 
in which fibrous tissue formation, calcification, contraction of the lesions 
and thick-walled cavities are predominant. On the roentgenogram the 
character of the lesion is indicated by dislocation of the thoracic viscera, 
contraction of the interspaces, irregularity of the diaphragm and presence 
of calcification in the hilum. 

2. Chronic fibroid with caseous bronchopneumonia: This type is char- 
acterized by tissue changes as indicated above in the chronic fibroid type, 
plus the presence of caseous bronchopneumonia which is usually the 
result of aspiration from a cavity. On the roentgenogram the findings 
are those given for chronic fibroid types, plus the flocculent, mottled 
densities of caseous bronchopneumonia. 

3. Exudative type: This type is characterized by tissue changes in the 
lungs which are predominantly exudative. This may be discrete caseous 
bronchopneumonia, conglomerate caseous bronchopneumonia or massive 
caseous lobar pneumonia. Cavities may or may not be present. There 
is an absence of fibrous tissue or calcification. On the roentgenogram 
these cases reveal little or no evidence of contraction of the lesions. 
The interspaces are normal and the diaphragm is normal in position and 
contour. There is no dislocation of the thoracic viscera. There is little 
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or no calcification in the hilum. Such types of lesions are more com- 
monly found in the Negro than in the white patient. 

Thus, it may be seen that, while 80.4 per cent of our total cases of 
tuberculous empyema fell either into the groups of the exudative or the 
chronic fibroid with exudate, only 57.7 per cent of our cases of pneumo- 
thorax fell into these two groups; and while only 19.6 per cent of the 
cases of empyema were in the chronic fibroid group, 42.2 per cent of all 
of our cases of pneumothorax were of this type. 


Location of Lesions 


Cavities 


The location of the lesions does not seem to be of any great significance, 
except insofar~as many of the exudative types of cases show basal in- 
volvement or the involvement of an entire lung. 

Apparently, the presence or absence of cavities is less significant than 
other pathological tissue changes in the lung. 


Complications of Tuberculous Empyema 


The most frequent complication of tuberculous empyema is broncho- 
pleural fistula. Complications occurred much more frequently in the 
cases earlier in our series when the treatment was indifferent. Usually 
the development of a chest wall sinus occurred after repeated thora- 
centeses. Secondary infection in the pleural space usually resulted from 
the development of a bronchopleural fistula. 


TREATMENT 
This section may be studied in three general groups, with certain 
divisions within these groups: 


1: Indifferent 
2: Oleothorax 
3: Surgery 
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Indifferent: The details of the method of treatment of the first group 
need little elucidation. It consisted chiefly of bed-rest, opiates and an 
occasional thoracentesis. The resulis are about what one might expect 
after consideration of the problem involved and what now seems a ra- 
tional approach thereto. Of the 41 cases so treated, 40 died in the 
hospital, and the remaining one signed out with result unknown. 

Oleothorax: The use of 5 per cent gomenol in ‘olive oil has been ex- 
ceedingly interesting, both in its direct results and as a measure of pre- 
operative preparation for thoracoplasty. We have had no serious re- 
actions to the gomenol. Care has been taken, however, to inject 1 or 2 
cc. of gomenol into the pleural cavity and to wait until the following 
day for evidence of a reaction before proceeding with the main instilla- 
tion. Originally, an attempt was made to fill the pleural space com- 
pletely, or nearly so, with oil. More recently, however, instillation of 
only a few hundred cc. has been made into the pleural cavity and the 
results obtained have been just as satisfactory. This has prevented the 
formation of bronchopleural fistulae due to the increased intrapleural 
pressure as pus continues to form. There have been no definite criteria 
for either removing or replacing the oil, although in general it was changed 
when the accumulated fluid more than half filled the pleural cavity, as 
determined by fluoroscopy. The use of gomenol was maintained in 40 
cases for an average period of 5.3 months, the time ranging from oneto 
twenty-four months. The number of times the oil was replaced varied 
from one to fifteen, with an average of four to five times. Usually, 
replacement was necessary about once a month, at which time the fluid 
removed was frequently of a creamy, oily appearance such as one might 
expect with a thorough mixture of pus and olive oil. 

The results of the treatment on this group were of some significance. 
Of 40 patients thus treated, 14 (35 per cent) died. Thirteen (32.5 per 
cent) patients apparently recovered and were discharged. In the cases 
that recovered, it was often found that the lung on the affected side had 
completely, or almost completely reéxpanded. We believe that this 
type of case owes its recovery to the obliteration of the infected pleural 
pace by reéxpansion of the lung, rather than to any particular bac- 
tericidal qualities of the gomenol. Thirteen (32.5 per cent) patients 
in this group are still in the institution, most of whom are improved but 
have not yet reached the point where discharge seems advisable. Many 
of this group were colored males who are on a regimen of very limited 
exercise, but have not recovered sufficiently to justify discharge. 

Surgery: The third group, or those patients on whom surgery was 
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performed, offers much room for further study. Primarily, we have pro- 
ceeded on the rationale of meeting two needs in the treatment of this 
problem: (1) to maintain the collapse of the lung because of the paren- 
chymal lesions present; (2) to obliterate the pleural cavity. With that 
in mind, as complete a thoracoplasty as necessary was performed in 
each case to accomplish the desired result. In the more recent cases a 
phrenicoexairesis was done first to reduce the size of the pleural space. 
In a great percentage of cases gomenol was instilled into the pleural 
space for a varying period of time before operation. In those cases which 
were quite toxaemic due to the empyema, with fever, anorexia and other 
unfavorable signs, gomenol has proved to be highly valuable in reducing 
this toxaemia. While this procedure prevented pus reforming in only 


TABLE i 
Resumé of results of treatment 


IMPROVED OR 
NUMBER OF DEATH UNDER RECOVERED 
TYPE OF TREATMENT PATIENTS TREATMENT 
TREATED 


Number |Per cent|Number/|Per cent} Number|Per cent 


Indifferent treatment 41 40 | 97.6 2.4 0 
Thoracotomy 7 5 | 71.4 28.6 0 
Oleothorax 40 14 | 35.0 4 32.5 | 13 
24 3 | 12.5 25.0 | 14 


a few cases, a really striking transformation in the preoperative condition 
of the patients was noted as a result of this treatment. 

The results in the series of cases treated with this method are en- 
couraging. Of 24 cases so treated, 14 (62.5 per cent) have recovered, 
while 3 (12.5 per cent) have died, of which 2 were very poor operative 
risks. Seven cases (25 per cent) are at present under treatment, and all 
are improved, with every prospect of recovery. The other patient 
developed a bronchopleural fistula following thoracoplasty, for an un- 
determined reason. 

There is a small group of 7 cases that were secondarily infected and 
were treated by thoracotomy. Five (71.4 per cent) of these cases have 
died, and the remaining 2 (28.6 per cent) are still in the hospital with an 
uncertain future. From these results it is obviously dangerous to delay 
treatment to the point where bronchopleural fistula and secondary 
infection develop. 


32.5 
62.5 


TUBERCULOUS EMPYEMA 


DISCUSSION 


The introduction of tubercle bacilli into the pleura, often resulting 
in tuberculous empyema, may be the result of direct extension of the 
infection from the underlying lung, or it may be carried to the pleura 
through the blood-stream. 

We are particularly impressed with the development of tuberculous 
empyema in the cases showing the exudative type of lesion in the lung. 
It must be admitted that this type of case shows blood-stream infection 
more frequently than the chronic fibroid type. Therefore, the pos- 
sibility of a haematogenous infection in the pleura must be conceded. 
Nevertheless, the possibility of direct extension of the tuberculous infec- 
tion from the lung into the pleura seems to be more likely. 

It must be remembered that the lymphatics of the lung in an indefinite 
space immediately below the pleura have the valves so arranged that 
the lymph flows into the pleura. Therefore, there is direct lymph drain- 
age from the outer zone of the lung into the pleura. 

The cases showing exudative type of lesions in the lung very commonly 
also show fibrocaseous pleurisy. In the fibrocaseous areas of the pleura, 
numerous tubercle bacilli can be demonstrated in stained sections. It 
is easy to conceive how fluid and pus develop as a result of this patho- 
logical process. It seems to us that the most probable explanation for 
the development of tuberculous empyema is direct extension of the in- 
fection from the lung to the pleura. 

Consequently, we feel that collapse therapy by artificial pneumothorax 
is contraindicated in cases in which the pathological process in the lung 
is predominantly exudative in type. This is particularly true if the 
lesions are quite extensive or if the patient shows signs of marked 
toxaemia. When the lesions are largely unilateral, paralysis of the 
phrenic nerve is a much safer and more effective procedure to use. If 
the patient shows improvement, frequently it is safe to induce a pneumo- 
thorax at a later date. 


SUMMARY AND CONCLUSION 


1. A study was made of 112 consecutive cases of tuberculous empyema 
observed over a period of four years, with a view to detecting the aetio- 
logical and predisposing factors that may help to prevent the develop- 
ment of this serious complication in the future. 

2. These cases were divided into various groups ranging from those 
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treated indifferently in the earlier period, to those in the later group on 
whom the treatment was more active. A study was made of the results 
of treatment in each group and the figures compiled in an effort to de- 
termine the most effective method of treatment. 

3. One of the most striking facts revealed in this analysis is the high 
percentage of patients receiving pneumothoraces who develop tuber- 
culous empyema, 10.4 per cent. This should serve as a warning to those 
of us who would be inclined to embark too lightly upon casual collapse 
therapy by means of pneumothorax. : 

4. We feel that there are two additional facts to emphasize i in regard 
to the predisposition to tuberculous empyema. The first of these is well 
known, and that is the greatly increased incidence of this complication 
in the colored race as compared with the white race; the second, which 
is less commonly demonstrated, is the extraordinarily high percentage 
of cases of exudative tuberculosis and chronic fibroid tuberculosis with 
exudative lesions which develop tuberculous empyema subsequent to 
the institution of therapeutic pneumothorax. It is possible to prog- 
nosticate the special risk of the development of tuberculous empyema if 
pneumothorax be started in these cases. 

5. A mortality of from 90 to 100 per cent in the cases which are treated 
indifferently would seem to demonstrate the futility of leaving this con- 
dition unaided to the efforts of nature. 

6. There are some cases which have apparently recovered by means 
of the instillation of 5 per cent gomenol in olive oil in the pleural cavity. 
The recovery of a portion of these cases appears more the result of a 
reéxpanded lung than of the bactericidal qualities of the gomenol. 

7. The most satisfactory method of treatment in most cases appears 
to be extrapleural thoracoplasty. It has been found very beneficial 
to prepare these cases preoperatively with 5 per cent gomenol in olive 
oil in the pleural cavity for a period of time. 


PATHOGENESIS AND LOCALIZATION OF PULMONARY 
TUBERCULOSIS 


BENJAMIN L. BROCK?! 


In recent years our attention has been called to the significance of 
insidious apical and acute subapical pulmonary tuberculosis in relation 
to the possible réle they may play in the pathogenesis of pulmonary tuber- 
culosis. Douglas, Pinner and Wolepor in 1929 (1), and Douglas and 
Pinner in 1930 (2), in very comprehensive studies of both statistical con- 
siderations and clinical observations, conclude that apical tuberculosis 
plays an insignificant réle in this regard. In both publications the au- 
thors referred to ‘apparently healed nodular foci and scars in the apices 
only, which do not give rise to definite symptoms.” Such lesions, they 
claim, represent obsolete foci whose active stage has passed unnoticed, 
and they are neither the forerunners of progressive pulmonary tuber- 
culosis nor an incipient stage of this disease. 

On the other hand, the subapical lesion described in the German litera- 
ture as the Assmann focus, infraclavicular infiltration, or early infiltration 
is very significant according to the above authors (1, 2) so far as patho- 
genesis is concerned. The most frequent localization of this lesion is, 
as already indicated, in the infraclavicular region, but any other part of 
the lung field may be the seat of the lesion. However, apical localization 
is extremely rare. The authors further state “‘that the onset of clinically 
demonstrable pulmonary tuberculosis is frequently associated with sud- 
denly appearing grippe-like symptoms, and that this symptomatology is 
apparently caused by a quickly developing infiltrative (bronchopneu- 
monic) lesion.” It is recognized that one of the chief characteristics of 
this lesion is its instability. It may completely clear or heal by means 
of fibrosis or it may rapidly progress to a destructive stage with develop- 
ment of caseation and cavity formation. Accompanying this develop- 
ment or immediately following it there may be bronchogenic spreads and 
the lesion may extend to the apex or to any other portion of the lung. 
During this process of destruction and spread the clinical manifestations 
of the disease are usually at their height. Following this period, however, 


2 Waverley Hills Sanatorium, Waverley Hills, Kentucky. 
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there may be alternating periods of clinical activity and quiescence. It 
is important to keep this in mind since it will be referred to again when 
the cause of such periods of inactivity is discussed. 

It is true that tuberculosis in the apex may be the result of a broncho- 
genic spread from a lesion in the subapical region or elsewhere in the 
lung or, as pointed out by Douglas and Pinner (2), it may be the result 
of a fanning-up process of a subapical lesion. In the absence of disease 
in other parts of the lung field, however, the presence of this typical 
chronic nodular productive apical lesion makes one speculate as to why 
it is so commonly situated in the extreme apex rather than in some other 
portion of the lung field. Why is the apical focus a chronic nodular pro- 
ductive lesion? Why is it infrequent that an acute tuberculosis is seen 
in the extreme apex in the absence of disease elsewhere in the lung? Why 
is it a frequent finding on the other hand that acute tuberculosis is located 
in the subapical region or base of the lung? What is the source of the 
tubercle bacilli which cause the typical nodular productive lesion in the 
extreme apex, and what is the source of the organisms causing the acute 
subapical lesion? Since the acute subapical lesion is recognized as being 
very unstable, what are the factors involved in the clearing of the lesion 
on the one hand and destruction and spread to other parts of the lung 
on the other? 

It is a well known fact that primary anatomical tubercle may develop 
in lymphoid tissue situated in any portion of the lung field. The Gohn 
primary tubercle is to be found in the lower portion of the lung as well as 
in the apical portion. In fact, the primary infection focus is situated 
(Diagnostic Standards 1938) (3) usually in the lower parts of the upper 
lobes, or in the upper parts of the lower lobes, closely beneath the pleura. 
This indicates very clearly that tubercle bacilli entering the lungs may 
be carried to all portions of the lung field, and this fact is most logical. 
If it is true, however, that the primary focus occurs more frequently in 
the regions referred to, it might indicate that there is some difference in 
the mechanics responsible for an easier distribution of bacilli to these 
areas. One might argue from this, however, that the same should hold 
true in reinfection tuberculosis and that the disease should develop in 
the base as frequently as it does in the upper third of the lung field. The 
same theory does hold true it is believed, so far as the distribution of 
bacilli is concerned, whether we are dealing with an uninfected individual 
or one who has been sensitized by previous infection. There is every 
reason to believe that bacilli inhaled in previously infected individuals 
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or bacilli emanating from an active focus in a person with open tuber- 
culosis must surely find their way to all portions of the lung field. Re- 
infection tuberculosis, however, does not usually have its beginning in 
the base of the lung in the first instance mentioned, nor does tuberculosis 
spread from an active upper lobe lesion every time an individual aspirates 
bacilli into the base of the lung from an upper lobe lesion. It is believed 
that the differences in the mode of reaction to the’bacilli of first infection 
on the one hand and of reinfection on the other, and the differences in 
the protective mechanisms involved in the two instances play a dominant 
réle in determining localization of the lesions in primary and reinfection 
tuberculosis. 

When tubercle bacilli are inhaled for the first time they are carried 
into a primary lobule situated anywhere in the lung field. These bacilli 
cause no immediate reaction comparable to that which would occur if 
the lung tissue were hypersensitive. The bacilli due to their size are, 
no doubt, carried to the terminal anatomical divisions to the primary 
lobule, the alveoli pulmonum. William Snow Miller (4) states that when 
carbon particles are inhaled it is, as a rule, only the finer particles that 
penetrate to the alveoli themselves. These carbon particles have been 
found by him not only within the cytoplasm of phagocytes within the 
alveoli but also lying free on the surface of the epithelium covering their 
walls. It is logical to believe that tubercle bacilli entering the lungs for 
the first time are treated in like manner as any other foreign matter, and 
that they, like the fine carbon particles, are phagocyted without caus- 
ing a great amount of reaction. The bacilli are not fixed in the alveoli 
as in reinfection, but like the carbon particles are carried to the nearest 
lymphoid tissue. 

If the organisms are in sufficient dosage anatomical tubercle is a fore- 
gone conclusion since they are now within the closed lymphatic system 
and cannot be evacuated from the lungs, as would be the case if we were 
dealing with organisms of reinfection. Primary tubercle develops, there- 
fore, in any portion of the lung field, apex or base, depending on the lo- 
cation of their lodgment. The future course in the development of the 
primary complex is therefore dependent upon the so-called immunity or 
resistance of the individual. For example, severe reactions are more 
frequently seen in the Negro than in the white and the primary process 
may more frequently break through its barriers to produce an adult-type 
disease. This may be due to a true genotypic difference between the two 
races as pointed out by Pinner and Kasper (5). Differences in the in- 
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herent resistance of white individuals might account also for the ultimate 
pathological processes developing in these individuals. 

It is within the lymphatic system, therefore, that the real primary 
reaction occurs. Healing may take place within the initially affected 
lymphoid follicles or spread of the process to other lymphoid follicles 
along the walls of the bronchi and finally to the hilar lymph nodes may 
occur. Throughout the whole development of the primary complex the 
parenchyma of the lung itself, in many instances at least, is found to be 
free of tuberculosis. Even though the pulmonary tissue itself is now 
hypersensitive, the lymphatic system is effective in most instances in pre- 
venting the development of reinfection tuberculosis. 

Let us now consider the possible sequence of events which takes place 
following the inhalation of tubercle bacilli from an exogenous source into 
the lungs of an individual already infected. Again it is not believed that 
the tubercle bacillus has an affinity for the upper portion of the lung 
where reinfection tuberculosis so commonly develops and progresses for 
reasons peculiar to the tubercle bacillus itself or to the lung tissue in 
this region. Bacilli from an exogenous source must certainly reach any 
protion of the lung field and where the particles inhaled are small enough 
they too are carried to the terminal divisions of the primary lobule. 
Shortly after reaching their destination, however, an entirely different 
type of reaction occurs from that described under primary infection. 
The bacilli are, under these conditions, not treated as a foreign body to 
be phagocyted and carried to lymphoid tissue situated outside the paren- 
chyma proper. 

On the other hand, a specific reaction to them occurs since the tissues 
are now hypersensitive to them. The allergic reaction which follows 
consists of an oedematous thickening of the lung tissue and the pouring 
out of an exudate which has a tendency to hold the bacilli within the air 
spaces. The bacilli, therefore, are not in a closed system but are within 
a continuous open system, and they, together with their exudates, have 
every opportunity to be drained from the lung through the bronchial 
tree. Since it takes days for anatomical tubercle to develop, it is obvious 
that the expulsion of the infectious exudates, produced by ordinary small 
dosages of bacilli of exogenous origin, would be effected long before this 
could take place. Due to the comparative small dosage of organisms 
taken into the lungs in this manner it is quite probable that no clinical 
manifestations would be observed. These small reactions would also 
probably never be revealed by X-ray. However, such small reactions 
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must occur much more frequently than ordinarily believed. Individuals 
with primary tuberculosis frequently remain for long periods of time in 
contact with open cases of pulmonary tuberculosis and never show evi- 
dence of manifest disease. It is believed and taught that individuals 
who have not been previously infected with the tubercle bacillus remain- 
ing in contact with open cases of pulmonary tuberculosis for long periods 
of time will almost surely be primarily infected.. Myers (6) estimates 
that 50 per cent of the population of the United States or 65,000,000 in- 
dividuals have been primarily infected. On an average these 65,000,000 
individuals will continue to inhale into their lungs tubercle bacilli from 
an exogenous source after primary tubercle has been established. Yet 
only one per cent or less of these 65,000,000 individuals suffer from active 
adult type disease. Certainly many individuals must be reinfected with 
tubercle bacilli from an exogenous source and break down with active 
disease. Obviously the great majority of individuals receive dosages 
large enough to produce only a small allergic reaction. The immunity 
factors, whatever these may be, could not possibly be sufficient in them- 
selves to cause destruction of the organisms in all these individuals. It 
is in such individuals that the bronchial mechanism plays the dominant 
réle in expelling the infectious exudate from the lungs. Were this not 
the case, chronic nodular productive obsolete foci, in the absence of dis- 
ease elsewhere in the lung field, should be found in the lower part of the 
lung field just as frequently as they are found in the apex. The explana- 
tion for this statement follows. 

The normal movements of the lungs, and it is believed the normal 
function of the diaphragm is important in this regard, is conducive to 
the evacuation of foreign material in moderate amounts from the bron- 
chial tree. The efficient manner in which the bronchial tree rids itself 
of foreign material under ordinary conditions has long been known, but 
due consideration has not been given it in pulmonary tuberculosis. The 
movement of the lung, together with the lengthening and shortening 
movements of the bronchial tree, is much greater in the lower portion 
than in the apical region. Macklin (7) in his Dynamic Bronchial Tree 
has clearly described and demonstrated the movements of the bronchial 
tree during respiration. The restricted movements of the bronchial tree 
“in the area of the human lung which lies between the root zone and the 
fixed wall behind and above the root region” have been emphasized by 
this author. It is clearly believed that small exudative processes re- 
sulting from ordinary exogenous reinfection are insignificant from a clin- 
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ical standpoint at least, since they are effectively drained from the 
bronchial tree. This certainly holds true so far as the base of the lung is 
concerned. This bronchial mechanism may truly be just as effective in 
protecting the individual from reinfection of exogenous origin as the 
lymphatic system is effective in preventing reinfection from primary foci 
in the lung. It would appear that this would apply particularly to 
exogenous reinfection in the base of the lung, and yet the bronchial tree 
must also be very effective in preventing spread of disease where active 
open tuberculosis already is present in the upper part of the lung. Tu- 
bercle bacilli must constantly invade the base of the lung in such indi- 
viduals, but tuberculosis certainly does not develop as a rule following 
such an invasion in this region. 

On the other hand, there may be a close relationship between exogenous 
reinfection and apical tuberculosis. It is quite probable that the typical 
chronic nodular productive apical lesions referred to by Douglas, Pinner 
and Wolepor (1) in the absence of tuberculosis elsewhere in the lung field, 
might well be explained on the basis of an exogenous reinfection. Due 
to the very limited movement of the lung in the extreme apex it is be- 
lieved that bacilli might remain in contact with the lung tissue long 
enough for the development of tubercle in this region. The lesion rarely 
becomes acute enough to produce symptoms or to show X-ray evidence 
of an acute lesion, since the usual infecting dose of organisms from an 
exogenous source at any one time must be small. The small amount of 
exudate is formed in the alveoli and the foci which develop are therefore 
terminal foci. -There is usually no blockage of bronchioles by the exudate 
and the lesions remain terminal and become obsolete. 

Where bacilli are inhaled in large enough numbers from an exogenous 
source and particularly in Negroes and ’teen-age girls (8), or in certain 
other individuals with lack of inherent immunity, the organisms may 
lodge in a main-stem bronchiole and set up a severe allergic reaction from 
which many terminal bronchioles branch. When sufficiently large par- 
ticles containing bacilli are aspirated from a broken down primary focus 
or from active reinfection foci in the lung, or where the material aspirated 
is tenacious enough to effect partial blockage of a small main-stem 
bronchiole and prevent adequate drainage, we are immediately dealing 
with a process which may be vicious from the outset. 

The acute subapical disease already mentioned as a very unstable 
lesion, which has the potentialities of an advanced progressive tuber- 
culosis, probably has its origin in most instances in the manner described 
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above. Douglas and Pinner (2) state that “theoretically the acute in- 
filtrations may be produced by exogenous inhalation infection, by haem- 
atogenous spread from the primary focus or from reinfection foci (apical 
scars) if present or by bronchogenic spread from apical foci.’”’ In the 
absence of demonstrable apical foci, however, we are still confronted 
with the development of the acute subapical lesion. If the acute lesion 
is produced by haematogenous spread from primary foci, why should it 
not be localized just as commonly in any portion of the lung as it is in 
the subapical region. Based on the fact that temporary partial blockage 
may occur in a main-stem bronchiole from which many terminal bronchi- 
oles branch, it seems likely that bacilli in large numbers coming from an 
exogenous source or from a primary focus rupturing into a bronchus 
might set up a retrograde reinfection process and account for the develop- 
ment of the acute subapical lesions more frequently than from other 
possible sources. 

As already stated there is distinctly less movement of the upper part 
of the lung during respiration than there is in the base. For this reason 
bacilli may take hold in this region more frequently than in the base. 
An acute allergic reaction resulting from an exogenous reinfection and 
originating in the upper third of the lung in an individual lacking im- 
munity to the disease, might more easily block the outlet of a bronchus 
in this region, therefore, than in the base of the lung. Similarly, a 
bronchogenic spread from a primary focus would have a greater likelihood 
of lodging and remaining in a main-stem bronchiole in the subapical 
region. ‘The size and physical characteristics of the material containing 
the bacilli might be a factor in preventing them from being carried ini- 
tially to the terminal lobules themselves. Due to the comparative in- 
ability of the bronchioles in the upper third of the lung to rid themselves 
of infectious exudates in unusual amounts, and particularly following 
loss of contractile power of the lung following allergic reactions, pro- 
gressive disease usually results. This might account for the frequency 
of acute subapical lesion. 

Acute destructive reinfection tuberculosis occurring initially in the base 
of the lung must become established in similar manner following un- 
usually large allergic reactions, since the base of the lung is usually able 
to rid itself of more than the ordinary amount of exudates. Basal tu- 
berculosis has been looked upon in the past as having an unfavorable 
prognosis. The infection initially must be unusually large to produce it 
or the resistance of the individual must be very low. The bronchus par- 
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tially blocked would be necessarily large because the area of involvement 
is extensive. This favors a rapid progressive retrograde process which 
occurs relatively frequently in the Negro. The infectious exudates 
cannot be expelled due to their tenacity, and spread with caseation and 
cavity formation results. 

The base of the lung may be very effective, however, under adverse 
conditions in expelling exudates following serious bronchogenic spreads. 
We have all seen such spreads to the base from_an active lesion in the 
upper third of the lung. Such basal lesions may often clear while the 
original upper lobe lesion remains unchanged. 

The acute allergic pneumonic process is unstable, therefore, and is 
potentially a progressive and destructive tuberculosis for the reasons given 
above. During the acute allergic stage of the disease, if the consolidated 
area resolves sufficiently to allow the exudate to pass freely through the 
bronchioles and be drained from the lung, clearing of the lesion will re- 
sult. If, on the other hand, one of the main-stem bronchi becomes par- 
tially blocked and the infectious exudates cannot escape a retrograde 
reinfection results and all the primary lobules supplied by this large 
bronchiole may become involved. If free drainage cannot be effected 
at this point in the progression of the disease, the destructive stage sets 
in. Caseation followed by cavitation is the end result. Throughout 
this progressive stage of the disease manifest symptoms are at their 
height. At a later period partial drainage through the bronchus may be 
had and with this there is an abatement in the symptoms. There may 
be alternating periods of clinical activity and quiescence. This is due 
to the poor drainage resulting in retrograde spread on the one hand and 
expulsion of the exudate on the other. Tuberculous exudate must be 
adequately drained from the bronchial tree if pulmonary tuberculosis 
heals. 

Unfortunately, pulmonary tuberculosis is diagnosed for the first time 
after the acute subapical lesion has spread in a retrograde manner through- 
out the upper portion of the lung or in many individuals to the base it- 
self. However, the base of the lung which is the most active or mobile 
portion of the lung during respiration is usually free or comparatively 
free of disease. One might ask why, under these conditions, bodily ac- 
tivities would not be advised to further increase the movements of the 
lungs in the treatment of upper lobe disease. This, of course, does not 
follow and would be detrimental to the welfare of the patient. Whena 
patient with active pulmonary tuberculosis or any other active infectious 
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disease rests quietly in bed, the principal end result is the conservation 
of his bodily energies. His metabolic rate is kept at a minimum and in 
this way he is better able to cope with disease. Movement of the lungs 
with the body at rest is not believed to be detrimental in any way to 
the welfare of the patient. In fact, when he is lying flat in bed the upper 
portion of the lung becomes more mobile than when the individual is 
in the normal upright posture. This will be explained in detail later. 
This, no doubt, aids the patient in raising his sputum where the exudates 
in the bronchial tree are tenacious in character. Artificial pneumothorax 
is usually the treatment of choice in progressive tuberculosis. This form 
of treatment is successful when the collapse is good, not necessarily be- 
cause the lung is put at rest but because the compression of the lung 
squeezes out infectious exudates, which the movements of the lung were 
unable to squeeze out, and collapses uninvolved lobules preventing retro- 
grade infection in them. Following the initial pneumothorax refills the 
sputum may temporarily increase in amount due to the compression. 
If the collapse is successful there is no further spread. The bronchi 
remain patent and after a time exudate is no longer produced. 

Chronic advanced tuberculosis in the upper portion of the lungs cannot 
always be successfully collapsed by means of artificial pneumothorax due 
to symphysis of the pleurae, or it may be inadvisable to collapse the lung 
because of the advanced bilateral nature of the disease. Under these 
conditions it may be very difficult for the patient to raise his sputum. 
During the past five years at the Waverley Hills Sanatorium, Woodson 
and the author (9, 10) have demostrated how this difficulty in raising 
the sputum may be greatly alleviated or overcome. 

The experimental work on rabbits by Medlar and Sasano (11) suggests 
that the normal upright posture assumed by man in itself may be respon- 
sible for the peculiar development of progressive pulmonary tuberculosis 
in the apex of the lung. These authors were able to alter the localization 
of progressive disease by simply changing the posture of the animals. 
Since the publication of this work, 150 patients with extensive pulmonary 
tuberculosis chiefly confined to the upper half of the lungs have been 
treated at the Waverley Hills Sanatorium by simply raising the foot of 
the patients’ beds. The foot of each bed was arbitrarily raised about 
nine inches by attaching piping securely over the ends of the foot posts 
as a temporarily permanent fixture. Of the 150 patients treated in this 
manner, 103 patients had great difficulty in raising their sputum before 
their beds were elevated. In 88, or 85 per cent of these patients, ease 
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of expectoration followed very shortly the elevation of the foot of the 
bed. Others symptoms such as cough, failure to relax with inability to 
rest, and shortness of breath became less severe or entirely disappeared 
in like percentage following ease of expectoration. From the X-ray 
standpoint general improvement occurred in 65 per cent of the cases. 
Thirty four per cent of the patients with cavity formation closed their 
cavities. 

Increase in the intraibdominal pressure which follows elevation of the 
foot of the bed results in a rise of the diaphragm. This rise of the dia- 
phragm results in a relaxation of the entire lung but more particularly 
that portion situated above and behind the root region where chronic 
progressive tuberculosis is so commonly found. This allows for a more 
evenly distributed expansion and relaxation of the lungs during respira- 
tion. The upper third of the lung now becomes more mobile and func- 
tions similarly to the rest of the lung with more vigorous lengthening and 
shortening movements of the bronchial tree. This results in good drain- 
age in this otherwise less mobile apex. Cough, particularly, is relieved 
due to the fact that sputum, previously difficult to raise, now literally 
wells up into the throat as more active movements of the upper portion 
of the lung are made possible in this posture. The relief which comes 
following the elevation of the foot of the bed is rapid and dramatic in 
typical cases and since the drainage of this tenacious exudate is facilitated 
in this posture we concluded that this is responsible for relief of symp- 
toms. Indeed, it is believed that the retention of the infectious exudate 
in the upper portion of the lung, due to partial fixation of the lung move- 
ments in the normal upright posture, is directly responsible not only for 
the prevalence of tuberculosis in this region but also for its progression 
and chronicity. 


SUMMARY 


1. Tubercle bacilli of first infection are carried by the phagocytes to 
a closed lymphatic system, and if in sufficient numbers tubercle forma- 
tion will occur. The location of primary anatomical tubercle is therefore 
dependent upon the location of lodgment of the bacilli. 

2. Tubercle bacilli of reinfection together with their exudates remain 
temporarily within the open air system and usually have every oppor- 
tunity to be drained from the bronchial tree before reinfection disease 
occurs. 


PATHOGENESIS OF TUBERCULOSIS 765 


3. The normal bronchial mechanism may truly be as effective in pro- 
tecting the individual from reinfection of exogenous origin as the lym- 
phatic system is effective in preventing reinfection from primary foci in 
the lung. 

4. Typical chronic nodular productive apical lesions, in the absence of 
tuberculosis elsewhere in the lung field, might well be explained on the 
basis of an exogenous reinfection. 

5. Retention of infectious exudate in main-stem bronchi in the upper 
third of the lung, due to comparative lack of mobility of the lung in 
this region, is directly responsible not only for the prevalence of tu- 
berculosis in this region but for its progression and chronicity. 
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TUBERCULOSIS OF THE TONGUE! 
Report of Nine Cases 
JASON E. FARBER, ELMER FRIEDLAND anv WILLIAM F. JACOBS 


Tuberculosis of the tongue is an uncommon condition. Although the 
lesion was described by Portal in 1804, and Virchow reported the first 
autopsied case in 1864, D’Aunoy, ef al. (1) in a survey of the literature 
found only 357 cases up to 1937. The literature on the subject has been 
summarized in recent years by D’Aunoy (1, 6), Finney and Finney (2), 
Rubin (3), Feldman (4), and Darlington and Salman (5). These articles 
also contain extensive bibliographies. Because of the infrequency of 
this lesion, we wish to present a group of cases previously unreported. 
Five of these were proved by biopsy or autopsy. 

An investigation of the records of the Edward J. Meyer Memorial 
Hospital from 1920 to 1940 revealed only 9 cases of tuberculosis of the 
tongue. In this time there were approximately 190,000 hospital admis- 
sions, 9,000 of which were for tuberculosis of all types. D’Aunoy and 
his associates (1), searching the records of the Charity Hospital in New 
Orleans, covering a period of twenty-nine years, found only 5 cases in a 
total of 730,000 admissions, more than 24,000 of which were for tubercu- 
losis. It is interesting to note that 3 of the 9 cases being reported were 
found in the current year, 1939. This tends to make one agree with 
Feldman (4), who suggested that a more careful examination of the 
mouth and throat of tuberculous individuals, during life and also at the 
autopsy table, would undoubtedly result in the discovery of a greater 
incidence of tuberculous involvement of the tongue. 


CASE REPORTS 


Case 1: J. L., a white male, age forty-two, an anthracite coal miner for twenty 
years, was admitted to the Edward J. Meyer Memorial Hospital on January 
29, 1939, with a diagnosis of chronic pulmonary tuberculosis. Past history 
revealed a diagnosis of latent syphilis in 1937 for which the patient had re- 
ceived a total of 20 injections each of arsphenamine and bismuth subsalicylate. 


1From the Tuberculosis Service of the Edward J. Meyer Memorial Hospital, and the 
University of Buffalo Medical School, Buffalo, New York. 
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He smoked moderately and was a chronic alcoholic. His nutrition was poor. 
He was edentulous, had no artificial dentures, and no lesions were noted in 
the buccal cavity. Coarse rales were heard throughout both lungs. Sputum 
was positive for tubercle bacilli, Wassermann and Kahn tests were positive, 
and gastric analysis showed an achlorhydria with a low total acidity. The 
patient’s progress was gradually downhill. In April, 1939, he developed a left 
otitis media with perforation of the drum; tubercle bacilli were demonstrated 
in the aural discharges. 

On September 30, 1939, it was noted that the patient had a small, hyper- 
aemic, swollen, indurated area on the anterior surface of the tongue. The 
lesion enlarged rapidly and soon ulcerated. Typical tubercle formation was 
seen in a biopsy specimen taken October 7, 1939. On October 10, 1939, the 
lesion appeared as a deep-seated ulcer, about the size of an almond, situated 
on the dorsum of the tongue anterior to the circumvallate papillae. There 
was a wide surrounding area of induration. The base of the ulcer was covered 
with a grayish slough. The lesion and the surrounding lingual tissue were 
extremely painful and tender. The pain was so severe that it prevented the 
patient from expectorating; it was relieved for short periods only by local 
applications of cocaine and benzocaine. Three doses of superficial X-ray 
therapy (75r with 1 mm. Al. filter) were administered without benefit. As the 
ulcer spread and deepened, the swelling and pain became progressively more 
severe and interfered with swallowing to such an extent that it was necessary 
to resort to parenteral administration of fluids. By November 8, 1939, the 
lesion had extended in all directions, involving almost half of the anterior 
portion of the tongue; the ulceration was deep and had jagged indurated 
borders (figure 1); its base was caseous and constantly exuded a tenacious 
purulent material. Salivation was marked. From the time of onset of the 
ulcer, the patient failed rapidly and expired November 22, 1939, less than three 
months after the appearance of the lingual lesion. The final clinical diagnosis 
was: Anthraco-silico-tuberculosis, far advanced, tuberculosis of the tongue, 
latent syphilis, chronic suppurative left otitis media (tuberculous), tuberculous 
enteritis and laryngitis, emaciation and anaemia. 

Postmortem examination confirmed the clinical findings and in addition 
demonstrated tuberculosis of the kidneys. The ulcer of the tongue (figure 2) 
measured 2 cm. in width and 0.8 cm. in depth. Sections (figure 3) from the 
ulcer revealed tubercles and caseation. The anterior cervical lymph nodes 
were moderately enlarged but were not caseous. The lungs showed multi- 
locular cavities, caseous bronchopneumonic areas and numerous coal-black, 
gritty, nodular areas throughout. 


Comment: This man had been under observation for eight months 
prior to the onset of the lingual lesion. No history of trauma to the 
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tuberculous ulcer. 

Fic. 2. Case 1. Photograph of the tongue at autopsy November 22, 1939. Note the size 
and depth of the ulcer. 

Fic. 3. Case 1. Microphotograph of a section from the ulcer, X 1200, showing a giant 
cell tubercle. 

Fic. 4. Case 2. Microphotograph of biopsy specimen taken from tongue October 4 
1937. Low power magnification, showing giant cell tubercles and caseation. 
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Fic. 1 Fic. ? 
Fic. 1. Case 1. Photograph of the patient’s tongue on November 8, 1939 showing the 
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tongue could be elicited. The patient was edentulous and possessed 
no dentures. There was, therefore, no local exciting cause, but the 
finding of extrapulmonary tuberculous lesions elsewhere suggests a 
haematogenous pathogenesis for the lesion in the tongue. The ex- 
tremely rapid extension of the ulcer despite therapy, the severity of the 
attendant pain, the marked interference with mastication and degluti- 
tion, and the fatal effect upon the patient are noteworthy. 


Case 2: M. C., age forty-eight, was an Italian bootblack. His past history was 
not relevant, except for a long and extensive course of antiluetic therapy. In 
1920, the patient had some indefinite lesions on his hands which had been 
diagnosed as secondary syphilis. No confirmatory clinical or laboratory 
evidence was found, and numerous Wassermann tests over a period of four 
years (1920-1924) were negative. Despite this, the patient had been given 
more than one hundred injections of arsphenamine and mercury salts. Fol- 
lowing the present admission, several Wassermann and Kahn tests were 
negative and there was no clinical evidence of syphilis. The patient stated 
that he had been in good health prior to the onset of the lesion in his tongue. 

In June, 1937, following the insertion of a dental bridge, he bit the left side 
of his tongue. An indolent sore soon developed at the site of the injury. A 
biopsy specimen taken from this October 4, 1937, was examined at the New 
York State Institute for Malignant Diseases at Buffalo and showed tubercle 
formation (figure 4). The patient then absconded, preventing more complete 
investigation at that time. The lesion persisted, but the patient sought no 
further attention until November, 1938, when his tongue became swollen. A 
second. biopsy specimen of the tongue taken November 22, 1938 showed the 
same histological findings as the first. Two weeks later the right side of the 
tongue became swollen and painful. Hospitalization was advised but was 
refused until March 31, 1939. On admission, the patient was found to have 
advanced pulmonary tuberculosis and tuberculous laryngitis with positive 
sputum. The tongue presented large necrotic ulcers involving both sides, the 
right more than the left, and extending from the tip to the base. They were 
very tender and bled easily. A deep fissure ran down the midline of the 
tongue. The anterior cervical lymph nodes were enlarged and tender but not 
matted. There was severe local pain and marked dysphagia. The teeth 
were jagged and carious, with an associated purulent gingivitis. His condi- 
tion was very grave, and death occurred eleven days after admission. Consent 
for autopsy was refused. 


Comment: In this case trauma appears to be a definite aetiological 
factor. The long duration of the tongue lesion without marked symp- 
toms is in contrast with case one. 
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Case 3: R. D., a white male, age thirty-six, an auditor, had chronic pul- 
monary tuberculosis since July, 1920. In January, 1922 the patient began 
to have pain and burning of his tongue while eating. He noted a purulent 
fissure on the left side of the tongue, which grew progressively larger and was 
associated with increasing pain and dysphagia. He was admitted to the 
hospital February 7, 1922. Examination revealed a tuberculous infiltration 
of both lungs with positive sputum. The tongue was deeply creviced and 
its upper surface was thickened and white. There was a large, ragged, red 
ulcer involving the left anterior portion of the tongue. Its base and margins 
showed tubercles, the size of millet seeds. The teeth were moderately carious. 
The anterior cervical lymph nodes were enlarged, soft and discrete. Wasser- 
mann tests were negative. Smears from the lesion were negative for tubercle 
bacilli. Two biopsy specimens showed tubercles and caseation and numerous 
tubercle bacilli. The lesion spread and involved the base of the tongue. The 
uvula and pharynx also became inflamed. The patient suffered from increas- 
ing dysphagia and pain and was unable to eat. He rapidly became emaciated 
and expired September 17, 1922, nine months after the onset of the ulceration 
of the tongue. Consent for an autopsy was refused. 


Comment: No history of oral trauma was obtained. The dysphagia 
caused by ulceration of the tongue and pharynx resulted in profound 
inanition and death. This patient’s pulmonary tuberculosis by itself 


did not seem to be sufficiently extensive to have produced such a rapidly 
fatal outcome. 


Case 4: S. M., Polish-American male, age fifty-three, a foundry worker, was 
admitted on November 13, 1939. The patient stated that during the summer 
of 1937, while living on a farm, he drank raw milk daily. In July, 1939 he 
began to have symptoms of pulmonary tuberculosis. Two months later an 
ulcerative inflammatory area was seen on the left tonsil. This was associated 
with pain, discomfort on swallowing, hoarseness and loss of weight. On 
admission, the throat showed areas of reddening and irregular ulceration of the 
left tonsil and left tonsillar pillars, extending forward onto the left posterior 
margin and base of the tongue. The ulcers were covered with a creamy yellow 
exudate. Later the process involved the uvula and soft palate. The outer 
borders of the lesion were raised, hypertrophic, nodular and indurated. The 
posterior pharyngeal wall. was inflamed. The larynx could not be examined 
because of the pain produced when attempting to retract the tongue. There 
were a few small, firm, freely movable lymph nodes in the left submaxillary 
and anterior cervical areas. Roentgenograms of the chest showed advanced 
silicotuberculosis. The Wassermann and Kahn tests were negative. Biopsy 
specimens from the lesions of the throat and mouth showed scattered confluent 
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tubercles in various stages of development. Injections of the superior laryn- 
geal nerve with alcohol and local applications of 4 per cent cocaine solution 
gave only slight relief from the pain, and large amounts of opiates were re- 
quired. As the lesions of the tongue and throat progressed, they caused 
increasing interference with the patient’s deglutition. He became gradually 
more debilitated and died January 25, 1940. Autopsy confirmed the clinical 
findings. 


Comment: In this instance, the tuberculous ulceration of the tongue 
was an extension of a similar process in the tonsils and oropharynx. The 
possibility of a milk-borne primary tuberculous involvement of the 
tonsils must be considered here. There was no evidence of any local 
trauma in the mouth and throat, although the patient had poor oral 
hygiene. 


Case 5: F. H., a white male, age forty-six, a tinsmith, had chronic pulmonary 
tuberculosis since 1930. He was acutely ill when admitted December 1, 1931 
and died thirteen days later. The clinical diagnosis was: Chronic, far ad- 
vanced, pulmonary tuberculosis, tuberculous enterocolitis, tuberculous laryn- 
gitis and pharyngitis with ulceration of the epiglottis and vocal cords. The 
Wassermann test was negative. At autopsy there was also found a tubercu- 
lous ulceration of the base of the tongue. This was an extension of the ulcera- 
tive process in the pharynx and larynx. 


In 4 additional cases, a clinical diagnosis of tuberculosis of the tongue 
was made, but neither biopsies nor autopsies were performed. 


Case 6: S. G., a white housewife, age thirty-six, had pulmonary tuberculosis 
since February, 1937. In September, 1937 the patient noted smarting and 
burning of the tip of the tongue. This was soon followed by a painful ulcera- 
tion at the same site which increased rapidly in size but did not bleed. On 
admission September 30, 1937, the tongue “‘showed hypertrophy of the anterior 
portion with indentations of the lower teeth along its borders. These areas 
are reddened and extremely tender. The raised parts of the tongue which fit 
into the interproximal spaces are whitened. The lower right first and second 
molars are carious and have sharp and ragged edges. The under surface of 
the tongue and subjacent mucous membrane show the same red and raw 
surface with some white blebs.”” The Wassermann test was negative. The 
lesions continued to extend and to ulcerate. There was much oedema and 
marked pain, so that by November 3, 1937, two months after the onset of the 
lingual lesion, the patient was unable to take solid foods. She also developed 
a severe laryngitis and enterocolitis and expired November 17, 1937. Consent 
for autopsy was refused. 
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Case 7: D. M., a white laborer, age thirty-eight, had pulmonary tuberculosis 
since 1920. In August, 1922 he developed a lesion on the left side of the tongue 
which was painful and interfered with eating. He was admitted to the hospital 
February 1, 1923. At that time there was a punched-out ulcer of the tongue 
1.5 cm. in length opposite the first bicuspid tooth. This had indurated borders 
and a grayish-red base. The teeth were carious. The diagnosis of tubercu- 
lous ulcer of the tongue was made by Dr. Grover Wende. The patient was 
uncodperative and absconded from the hospital April 28, 1923. 


Case 8: A. T., a white male, age thirty-seven, a street-car conductor, had been 
admitted several times since 1920 for pulmonary tuberculosis. In March, 
1925 he discovered a small erosion at the tip of the tongue which was tender 
and painful. On his last admission, June 2, 1925, the tip of the tongue pre- 
sented a small, irregular, shallow ulcer which had a pustular base. The re- 
mainder of the organ was normal. The lesion was very painful and caused 
some dysphagia. The Wassermann test was negative. The patient ab- 
sconded in July, 1925. He is reported to have died in November, 1925 of 
pulmonary tuberculosis. 


Case 9: M. S., a white male, age thirty, a bellboy, stated that in February, 
1921 the left side of his tongue was cut by a dentist. The cut apparently 
healed, but an indolent ulcer developed which gradually increased in size. 
Four months later, a similar lesion appeared on the tip of the tongue. Despite 
several negative Wassermann tests, he was given four injections of arsphena- 
mine. There was no improvement in the lesions. In October, 1921 he began 
to have hoarseness, cough and haemoptysis. When admitted to the hospital 
November 22, 1921, his tongue presented two large ulcers, one covering the 
entire tip and the other the lateral margin opposite the left molar teeth. The 
edges were poorly defined and undermined, but were not raised. The floors 
of the ulcers were covered with a dirty slough which bled easily. There was 
no tenderness and only moderate pain on swallowing. His front teeth were 
loose, and pyorrhoea alveolaris was present. Examination of the chest dis- 
closed pulmonary tuberculosis. The sputum was positive for tubercle bacilli. 
The patient refused to have a biopsy done and left the hospital shortly after 
admission. 


DISCUSSION 


In this group of 9 cases, 8 were men and one a woman. All of the 
patients were in the middle decades of life, their ages ranging from thirty 
years to fifty-three years. This agrees with the previously published (4) 
age average of 42.7. No Negroes were included despite a large propor- 
tion of Negro patients on the Tuberculosis Service. Occupation did 
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not appear to be a factor for none of the patients performed work causing 
irritation or injury to the tongue. 

Despite the fact that in two instances the lesion of the tongue was 
diagnosed before the pulmonary tuberculosis, it appeared that in each 
of the patients the tuberculosis of the tongue was secondary. The 
patients all had pulmonary tuberculosis, and 5 of them also had or later 
developed other tuberculous complications, such as laryngitis, otitis 
media and enterocolitis. In 2, the lesions of the tongue were a direct 
extension of a tuberculous ulceration in adjacent structures, for example, 
tonsil, epiglottis and pharynx. All of the patients had positive sputa, 
although the amount of expectoration varied widely. This is of interest 
since the tongue of practically every patient with active pulmonary 
tuberculosis is constantly exposed to bacilliferous sputum, yet the rarity 
with which the organ is affected argues that it must possess great natural 
immunity or that factors operate in the oral cavity which markedly 
reduce its susceptibility to invasion by the tubercle bacillus. Trauma 
evidently played an important réle in the genesis of these lesions. In 2 
patients (cases 2 and 9), the lesion was directly consequent upon a single 
injury. One patient (case 6) had jagged carious teeth in direct apposi- 
tion to the ulcer. In 2 other cases, as stated previously, the tongue was 
involved by direct extension from preéxisting tuberculous ulcerations in 
the oropharynx. The traumatizing of the lingual mucosa by either a 
gross single injury or by continued irritation undoubtedly set up a locus 
minoris resistentia in which the tubercle bacilli gained entrance. Whether 
this invasion then occurred from lodging of the bacteria carried in the 
sputum or from lymphatic or haematogenous transmission seems only 
of academic interest. At any rate, improvement of the oral hygiene of 
all tuberculous individuals is desirable (7). 

There was apparently no definite site of predilection for the lesion, 
although the tip and lateral margins of the tongue, which are closest to 
the teeth, were most often affected. The base of the tongue was usually 
involved secondarily by spread of the process from ulcers on the sides of 
the tongue or in the pharynx or epiglottis. The dorsum of the tongue 
in the midline anterior to the circumvallate papillae was a common 
location. The lesions began either as eroded, indurated papules, re- 
sembling mucous patches, or as purulent fissures or crevices. Often 
they enlarged rapidly and broke down, forming ragged sloughing ulcers 
with undermined edges. The ulcer usually extended deeply into the 
lingual tissue and was surrounded by an area of swelling and induration. 
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It spread in all directions and was accompanied by much necrosis. In 
one instance (case 3) small tubercles were seen in the margins. In most 
of the cases the floor of the ulcer was covered with a grayish purulent 
slough that bled easily when scraped off. Spontaneous bleeding, how- 
ever, was uncommon. Histologically, the lesions were identical with 
tuberculosis elsewhere in the body. The adjacent lymph nodes were 
generally enlarged, but did not show characteristic tuberculous adenitis; 
they were usually discrete and did not caseate or suppurate. 

An outstanding clinical feature in many of the cases was the severe, 
unremittent and progressive pain. This commenced at the very onset, 
with localized burning, tingling and pain on swallowing. It continued 
and increased, sometimes out of all proportion to the size of the ulcer. 
Together with the swelling and induration of the tongue associated with 
the lesions, it caused so marked a dysphagia that in one instance even 
water could not be swallowed. In a few patients (cases 1, 3, 4), it was 
believed that death could be attributed to the debility and inanition 
resulting from interference with nutrition. In several cases there was 
increased salivation. Frank bleeding was noted in only one patient 
(case 9). 

Inasmuch as the tuberculosis of the tongue was usually discovered 
in individuals suffering from advanced pulmonary tuberculosis, the 
diagnosis generally suggested itself. Nevertheless, ulcers caused by 
carcinoma, syphilis, blood dyscrasias, vitamin deficiencies and by non- 
specific inflammations had to be considered in the differential diagnosis. 
While the usual laboratory tests were helpful, the only positive proof 
was the histological evidence obtained by biopsy or autopsy. Treatment 
was of little avail in the series of cases presented. Anaesthetic prepara- 
tions applied topically afforded some temporary relief from the intense 
pain, but opiates in increasing doses were necessary. Superficial roent- 
gen-ray therapy and ultraviolet radiation were of no benefit. 


SUMMARY 


Nine cases of tuberculous ulceration of the tongue have been presented. 
Five of these were diagnosed by biopsy or autopsy examination. The 
remaining 4 were diagnosed clinically. In each instance the lingual 
lesion was associated with tuberculosis of the lungs. Evidence suggested 
that both direct implantation and haematogenous implantation of the 
tubercle bacilli occurred. Trauma, particularly from the teeth, seemed 
to be an important aetiological factor. Clinically, the striking picture 
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was that of a progressive ulceration of the tongue often associated with 
severe, unremittent pain and dysphagia and attended by marked inani- 
tion¥and debility. 
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HOARSENESS IN TUBERCULOSIS! 
WILLIAM F. HULSE 


During the course of tuberculosis most patients will experience the 
symptom of hoarseness. In reviewing the histories of patients with this 
disease we frequently encounter the information that the disease began 
as a cold which was associated with some degree of voice disturbance. 
During sanatorium stay patients are frequently seen in the department 
of otology with this complaint. Hoarseness is the most consistent 
symptom in tuberculosis of the larynx, yet the percentage of patients 
with hoarseness who have specific laryngeal involvement is small. Since 
an alteration of the voice does not often mean laryngeal tuberculosis, 
it was felt that a review of some of the more common causes of hoarseness 
found associated with pulmonary tuberculosis could be profitably con- 
sidered. In evaluating the symptom of hoarseness, it must be kept in 
mind that there may be rather extensive tuberculous involvement of 
the larynx with little or no hoarseness. 

The term hoarseness is commonly used to include changes of the voice 
anywhere from slight weakness to absolute aphonia. In the considera- 
tion of this symptom several important factors must be kept in mind. 
The first is that the larynx is situated directly in the path of whatever 
underlying secretions happen to pass and therefore any bacteria which 
have become lodged in the underlying structures may also infect this 
organ either by implantation or by extension internally. Also of con- 
siderable importance is the fact that the motor nerve supply of the larynx, 
a branch of the vagus, originates deep within the thoracic cage in the 
upper portion of the mediastinum and any thoracic lesion may have 
either direct or indirect influence on these nerves. The inferior laryngeal 
nerves arise at different levels. The right nerve is given off from the 
vagus at a point where this nerve crosses the first portion of the sub- 
clavian artery and ascends in a groove between the oesophagus and the 
trachea. At the lower pole, the nerve often lies one or two centimetres 
laterally from the trachea. The nerve on the left side arises from the 
vagus to the left of the aortic arch from where it winds below the aorta 


1 From Sunny Acres Municipal Tuberculosis Sanatorium, Cleveland, Ohio. 
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and then follows much the same course as the right recurrent nerve. 
It is obvious that whatever happens to the contents of the mediastinum, 
mechanically or pathologically, may also involve these nerves. 

The normal voice is said to be due to the vibrations of the vocal cords 
in response to a column of expired air from within the bronchial system. 
The quality of the voice is resultant from the position and degree of 
rigidity of the vocal apparatus. The fact that the vocal cords are not 
solely responsible for the quality and quantity of the voice is sometimes 
overlooked. This fact is brought to mind when we recall the fluctuations 
of the position of the larynx as evidenced by the excursion of the thyroid 
cartilage during singing, talking and certain types of wide-range oratory. 
The muscles of voice production, then, should not be thought of as 
including only those which alter the position and tonus of the vocal 
cords. Besides this intrinsic group, there must also be included the 
extrinsic group; this group includes the sternohyoid, thyrohyoid, staphy- 
lopharyngeus, palatopharyngeus, the inferior constrictor muscles of the 
pharynx and, less directly, the diaphragm and the intercostal group. 

Changes in the voice, then, may be due to either intrinsic or extrinsic 
factors or both. The intrinsic voice changes, for the purpose of classifi- 
cation, may be said to be due to a lesion or lesions whose location causes 
a dysfunction of the instrinsic muscles of the larynx. In general, 
hoarseness often reflects the underlying disease of the larynx; that is, 
the more pronounced the hoarseness the more pronounced the laryngeal 
tuberculosis. The symptom of hoarseness, however, should be taken 
only as a valuable adjunct in the diagnosis of laryngeal tuberculosis and 
not as a classical sign orsymptom. The hoarseness in laryngeal tubercu- 
losis is frequently described as typical or characteristic. We have not 
found this to be true in this clinic. A patient with extensive involve- 
ment of the epiglottis and false cords whom we have been following for 
many months had only transient periods of hoarseness and these were 
not as pronounced as one would expect from the extent of the involve- 
ment. This patient had a remarkably clear voice and an examination 
of the larynx in this case, as well as many others in the files, was the only 
satisfactory basis of diagnosis. The hoarseness in tuberculous laryngitis 
is not infrequently a protective measure where irritation or pain is present 
on phonation. As pointed out above, the larynx shows various degrees 
of excursion during phonation. This movement, in certain types of 
generalized laryngeal involvement, causes such discomfort that the pa- 
tient will often speak with an altered voice in an unconscious attempt to 
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keep the larynx in as neutral a position as possible. Pain in tuberculosis 
is not a common finding and appears to be present usually after secondary 
infection has appeared. Partial or total fixation of one or both cords 
has been found to be the most common cause of hoarseness of long 
standing. Actual involvement of the arytenoid joints is not met with 
very frequently but when it is the resultant hoarseness is usually per- 
sistent and permanent. In contrast to this situation, involvement of 
only the cords by tuberculosis is accompanied by a type of hoarseness 
through which the normal voice will break from time to time. This 
type of voice change may be of different intensity from day to day. 
The formation of a mass of granulation tissue in the posterior commissure 
will produce a marked degree of hoarseness much more pronounced than 
the causal factor appears to warrant. This is due to the fact that the 
cords are unable to come together. Removal of this tissue by cautery, 
if no other part of the larynx is involved, is followed in a few days by a 
return to an essentially normal voice. In the exudative type of laryngeal 
tuberculosis involving the cords, the uniformity of the pathological lesion 
gives a resulting uniform hoarseness of the voice in contrast to the 
‘frregular” hoarseness found in the ulcerative and productive type of 
lesions. 

During the early stages of pulmonary tuberculosis we frequently see 
the larynx markedly injected due to mechanical irritation from coughing; 
irregularity of the voice usually accompanies this condition. This type 
of larynx presents a picture of marked injection with many dilated blood 
vessels but no ulceration. Bed-rest and collapse therapy directed to 
the lungs in any of its many forms will relieve this condition by diminish- 
ing the irritating sputum. A patient who is hoarse, but who does not 
cough and does not have any sputum, will bear careful watching and 
repeated examination to determine the aetiological factor. In the acute 
stage of the pulmonary disease there is usually an associated rather severe 
bronchitis which is also due to irritation. This irritation may “spill 
over” into the larynx and, in so doing, cause hoarseness from the re- 
sulting oedema. Examination of the larynx by the indirect method will 
will often afford a view of the trachea for several centimetres and, in so 
doing, will clinch the diagnosis in cases of this type. 

As the pulmonary disease passes from the acute to the chronic stage, 
there is a change in the character of the sputum. In the chronic stage 
the sputum is usually thicker due to the fact that there is more mucus 
present. When this sputum is present, it is sometimes difficult to dis- 
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lodge from between the cords. This is especially true where a low vital 
capacity or general weakness precludes enough volume of and force to 
the expired air to dislodge the tenacious secretions. This type of hoarse- 
ness is not a very important factor in the consideration of the various 
types of hoarseness found in tuberculosis, but cases of this type have 
been encountered from time to time in this clinic. It should be men- 
tioned in passing, that intrinsic hoarseness may be caused by various 
types of anomalies, either congenital or acquired. A careful history in 
cases of apparent voice change, where the patient does not seem to have 
a voice in keeping with sex, occupation or general appearance, will 
sometimes reveal that a certain unusual voice may have been normal 
for the patient before contracting tuberculosis. It should also be men- 
tioned, in passing, that patients with pulmonary tuberculosis may ac- 
quire any disease or condition of the larynx which nontuberculous 
patients fall heir to. The common cold, about which we know so little 
and on which we blame so much, is often the cause of hoarseness when 
its respiratory itinerary includes the larynx. The borderline of symp- 
toms in a patient who has coryza superimposed on pulmonary tubercu- 
losis is certainly vague, and sometimes will submit to no other type of 
diagnosis other than careful and repeated examinations. Hoarseness 
due to a cold is usually cleared up in a few days to two weeks. Patients 
who are susceptible to the common cold with repeated attacks of non- 
specific laryngitis do not seem to be particularly susceptible to the specific 
type of laryngitis. 

Extrinsic factors in the causation of hoarseness are difficult to diagnose 
and often go unrecognized. As pointed out, the courses of the recurrent 
nerves renders them susceptible to direct or indirect influence, as they 
are related to hoarseness, inasmuch as they are situated in rather movable 
as well as potentially infected territory. While certainly no common 
finding, it remains that the nerves which supply both the intrinsic and 
extrinsic muscles of the larynx may be the seat of actual tuberculosis 
or toxic manifestations. This applies as well to the vagus nerve and 
even its origin in the brain. Some early and obscure central nervous 
system lesions have been noted to manifest themselves in the early 
stages by hoarseness alone. 

Lymph node tuberculosis which involves the lymphatic nodes of the 
mediastinum may cause tension or pressure on the recurrent laryngeal 
nerves. Cervical node involvement may produce the same picture by 
vagus nerve pressure. This is an unusual finding as evidenced by the 
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fact that hoarseness is uncommon in children whose tuberculosis is most 
often confined to the lymphatic system of the lungs and cervical region. 

The mediastinum is of more than ordinary importance in tuberculosis. 
Its movements are carefully followed and charted in collapse therapy 
and its fixation is sought where maximum benefits from this form of 
therapy are to be expected. During the process of gas induction the 
mediastinum may be displaced to the contralateral side. This shift, 
if far enough, may produce enough tension on the recurrent nerves to 
impair their adequate function. When this condition is present, there 
is an associated homolateral or even bilateral cord weakness which 
manifests itself in hoarseness. A considerable number of our cases fall 
into this category. Hoarseness usually persists until there has been 
some fixation of the mediastinum. We have noted certain cases in 
which this type of hoarseness was found, that releasing small amounts 
of air from the pneumothorax pocket has allayed the hoarseness. Even 
though this type of hoarseness is not serious or permanent, a correct 
diagnosis and subsequent assurance of the patient place our therapeutic 
measures on a more logical basis. Nerve involvement of this nature 
certainly would be no contraindication for cessation of or lessening pres- 
sures in pneumothorax, since the patient will eventually have a good 
functioning voice. Even though one cord were completely paralyzed, 
or even removed entirely, the patient would have a fairly good voice 
after a period of adjustment. 

Tuberculosis in the extreme apex, especially on the right side, is some- 
times associated with hoarseness due to impaired function of the nerve 
supply to the intrinsic muscles of the larynx; this does not occur in the 
early stages of the disease but manifests itself some months later when 
fibrosis has exerted tension on the upper mediastinum and consequently 
the recurrent nerves. After pneumothorax has been started, a certain 
number of cases will reveal apical adhesions which were hitherto not 
supsected. These exert influence also on the mediastinum in that they 
may be the cause of slight torsion or tension on the mediastinal contents. 
A recent case of this type was seen in our clinic. 


V.C., an adult white female, gave a history of onset of her pulmonary tubercu- 
losis in September, 1938. The sputum was positive and the case was diagnosed 
as far advanced pulmonary tuberculosis. A pneumothorax was started in 
October, 1939. This precipitated an intermittent hoarseness and an examina- 
tion of the films at that time revealed that there were multiple adhesions at 
the right apex. A pneumonolysis was performed in December, 1939, following 
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which she obtained immediate relief from her symptom of hoarseness. Exam- 
ination of the patient before operation revealed a weakness of the right vocal 
cord which later was noted to be functioning normally following the pneu- 
monolysis. 


Patients who have a low vital capacity, which is usually associated 
with various forms of extensive collapse therapy, are sometimes noted 
to have a certain degree of hoarseness; this is likewise true in patients 
whose general condition is very poor. If we stop to ¢onsider that a 
normal voice depends on enough muscular strength to force an adequate 
volume of air through the glottis this is easily understood. 


COMMENT 


Only a small percentage of tuberculous patients who have the symptom 
of hoarseness have specific involvement of the larynx. 

That the aetiology of hoarseness may be extrinsic as well as intrinsic 
is emphasized. 
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GROWTH OF TUBERCLE BACILLI IN TISSUES OF 
NORMAL AND ALLERGIC GUINEA PIGS: 


C. EUGENE WOODRUFF anp RUBY GREEN KELLY 


Numerous éxperimental studies have been made in an attempt to 
answer the question, what happens after the inoculation of tubercle 
bacilli in the animal body? The question, of course, has two aspects: 
(1) What is the reaction of the cells and tissues to the bacilli? (2) 
What is the reaction of the bacilli to their new environment? With 
regard to the first question many and varied studies (1, 2, 3, 4, 5) have 
given an adequate answer. We know that the bacilli are first taken up 
by polymorphonuclear leucocytes; that the polymorphonuclear cells 
are phagocytosed in turn by monocytes, so that, by the end of the second 
day after inoculation, the majority of the bacilli may be demonstrated 
in cells of the mononuclear series. Within twelve days tubercle forma- 
tion is complete and, by the end of three weeks, caseation necrosis in the 
larger tubercles is well developed. This picture of the sequence of events 
following guinea pig inoculation is now generally accepted. With regard 
to the second question, the reaction of the bacilli to their environment, 
the information presently available does not give a complete answer. 
This is partly due to the difficulties inherent in the ordinary histological 
technique. Even when the greatest of care is exercised the fixation and 
cutting of tissues may produce artefacts in the relationship of the bacilli 
and cells. By the use of a special technique we have avoided many 
of these difficulties and have obtained a more accurate picture of the 
reaction of tubercle bacilli to their environment in animal tissues. 


MATERIAL AND METHODS 


In most of our experiments virulent tubercle bacilli of human type, grown 
on either solid or liquid media, were employed for the inoculum. A weighed 


1 Presented in part at a session of the Pathological Section at the 35th annual meeting 
of the National Tuberculosis Association, Boston, Massachusetts, June 27, 1939. 
? From the Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), 
Northville, Michigan. 
* Aided by a grant from the Committee on Medical Research of the National Tubercu- 
losis Association. 
782 


GROWTH OF TUBERCLE BACILLI 783 


amount of the bacilli, taken from a two weeks’ culture, was carefully triturated 
in a mortar and diluted with saline until 1.0 cc. contained 0.5 mg. of bacilli. 
Usually 1.0 cc. of a suspension such as this was inoculated intraperitoneally in 
young guinea pigs. Invariably the inoculum contained relatively large clumps 
of tubercle bacilli. Initially these large clumps were allowed to remain simply 
because of the difficulty of dispersing the bacilli. Later, however, it was 
found that these clumps were in themselves the source of, valuable information. 

As has been described elsewhere (6) the omentum of a guinea pig which has 
been inoculated intraperitoneally constitutes an ideal structure for studying 
the early changes in experimental tuberculosis. After such an inoculation 
the omentum, like an efficient broom, sweeps up the inoculated microérganisms, 
so that within a few hours it will be found containing the bulk of the bacilli. 
Further, the omentum may be teased out on a slide and dried, and, without 
further fixation, may be stained by the ordinary Ziehl-Neelsen technique. 
Preparations made in this way give a complete three dimensional picture of 
what has been happening with regard to both the tubercle bacilli and the cells 
of the animal body. So, by sacrificing the inoculated animals at appropriate 
intervals, one may follow the sequence of events in tubercle formation until 
the tubercles become too large and too dense for penetration without further 
sectioning. 


FREELY GROWING BACILLI 


After intraperitoneal inoculation the clumps of tubercle bacilli in 
the inoculum are broken up by polymorphonuclear cell phagocytosis 
within two hours (figure 1). By the end of the first day many of the 
polymorphonuclears have been phagocytosed in turn by large mononu- 
clear cells (figure 2). By the third day after inoculation the inflamma- 
tory reaction has subsided and the main body of the omentum appears 
free from exudate. Many of the phagocytic cells, with their tubercle 
bacilli, will be found in the perivascular areolar tissue, forming definite 
collars of cells about the larger vessels. On the fourth day something 
new appears. In association with certain omental cells may be seen 
groups of bacilli growing in parallel strands just as they might grow on 
the surface of culture media. By the sixth day these bacilli are found in 
large masses, following the outline of the cell’s cytoplasm and, occa- 
sionally, looped about its nucleus (figure 3). Notice that there are no 
inflammatory cells in the immediate vicinity of these bacilli. 

During the interval from the fourth to the seventh day after inocula- 
tion bacilli such as those just described are found in the majority of the 
omental spreads. A close examination indicates that it is the ordinary 
omental cells with which the bacilli are associated. Furthermore, the 
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bacilli appear to be growing on the surface of these cells rather than in 
them. This is indicated by the fact that occasionally a group of bacilli 
will be found overlapping the limits of the cytoplasm of a given cell 
(figure 4). Because of the fact that these bacilli seem to grow freely, 
without hindrance as far as the usual defense mechanisms of the body 
are concerned, the term freely growing bacilli has been applied to them. 

At the seventh or eighth day after inoculation the freely growing 
bacilli appear to lose their immunity to phagocytosis. Polymorphonu- 
clear leucocytes wander into the area and begin to phagocytose the 
bacilli. Then each of these little groups of phagocytosed bacilli forms 
the nucleus of a miliary tubercle which has assumed its characteristic 
form by the twelfth day (figure 5). Examination under the oil immersion 
lens reveals that the bacilli in the tubercles are now scattered, instead of 
being grouped in a solid mass (figure 6). 

That the microérganisms which we have termed freely growing bacilli 
have actually proliferated and do not represent merely clumps of bacilli 
from the original inoculum is indicated, first, by the fact that no such 
clumps are found in the omentum on the second and third day after 
inoculation; second, by the fact that after the intraperitoneal inoculation 
of heat-killed tubercle bacilli no clumps resembling the freely growing 
bacilli have been found. Third, we have used for the inoculum sus- 
pensions of caseous material from cold abscesses which contained no 
clumps of bacilli, only scattered and isolated bacilli being found in smears 
of the inoculum. Following the inoculation of this type of material, 
also, we have found freely growing bacilli in the omentum on the 
sixth day. 


Fic. i. Phagocytosis of tubercle bacilli by polymorphonuclear leucocyte. From omental 
spread made two hours after inoculation. X 1000 

Fic. 2. Phagocytosis of polymorphonuclear by large mononuclear cell. From prepara- 
tion made at twenty-four hours. X 1000 

Fic. 3. Freely growing bacilli in omental spread made six days afterinoculation. Note 
how the bacilli have looped about the faintly visible nucleus of an omental cell. X 1000 

Fic. 4. Freely growing bacilliin omentum. Six days after inoculation. X 1000 

Fic. 5. Miliary tubercle in omentum. Twelve days after inoculation. X 200 

Fic. 6. Scattered bacilli in tubercle. Twelve days after inoculation X 1200 

Fic. 7. Freely growing bacilli in guinea pig omentum. Six days after inoculation. 
x 1000 

Fic. 8. Mass of bacilli in same omentum as illustrated in fig. 7, after six days incubation 
in a moist chamber. X 1000 

Fic. 9. Omentum of normal guinea pig (upper) and of allergic animal (lower) six days 
after interperitoneal inoculation with same dose (0.5 mg.) of virulent tubercle bacilli. Note 
the extensive matting of the omentum which has occurred in the case of the allergic animal. 
(Natural size.) 
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THE EFFECT OF VIRULENCE AND AGE OF CULTURE 


In previous experiments (6) it was learned that freely growing bacilli 
are never found in the guinea pig omentum following inoculation with 
M. phlei. This suggestion of the possible importance of virulence in 
determining the appearance of freely growing bacilli led to a series of 
experiments with bacilli isolated from human sources. Fifty cultures 
isolated on egg media were employed. In table 1 is given the source of 
each culture and its age, that is, the time which elapsed between the 
planting of the culture and its inoculation into the experimental animals. 
In each instance a saline suspension of the culture containing 0.5 mg. of 
tubercle bacilli per cc. was employed. ‘Two guinea pigs were inoculated 
with each culture; one animal was given 1 cc. of the suspension sub- 
cutaneously, the other animal received the same dosage intraperitoneally. 
The latter animal was sacrificed six days after inoculation and its omen- 
tum was examined for freely growing bacilli. The animal inoculated sub- 
cutaneously was allowed to live for at least six weeks. Thus, in the case 
of each culture, it was possible to determine whether or not we were 
dealing with virulent tubercle bacilli; virulence being defined in this 
instance as the capacity to produce disease in the lungs, liver and spleen 
of the animal inoculated subcutaneously. If the subcutaneous inocula- 
tion resulted in merely a swelling of the local lymph nodes and the forma- 
tion of a few tubercles in the spleen, the culture was recorded as avirulent. 

As indicated in the table, 46 of the cultures proved to be virulent, 
while 4 were avirulent. In no instance did a guinea pig inoculated intra- 
' peritoneally with an avirulent culture show freely growing bacilli in its 
omentum. Among the 46 animals inoculated with virulent tubercle 
bacilli there were 27 instances of freely growing bacilli in the omental 
spreads. Of the 9 faeces cultures, 3 proved to be avirulent and only one 
of the 6 remaining cultures showed freely growing bacilli after intra- 
peritoneal inoculation. The one culture from urine proved to be aviru- 
lent. All of the 7 cultures made from pleural fluid were virulent, and 5 
of the 7 yielded freely growing bacilli in the omentum. One of the 3 
virulent cultures obtained from pus showed freely growing bacilli. All 
of the 30 cultures of sputum were virulent and freely growing bacilli were 
found in 20 instances. 

A fairly close correlation will be noted between the age of a virulent 
culture and its capacity for producing freely growing bacilli after intra- 
peritoneal inoculation. Among the 10 cultures which were at least 
twelve weeks old, no freely growing bacilli were found after intraperi- 
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TABLE 1 
The finding of freely growing bacilli in the guinea pig omentum—effeci of age and 
virulence of culture 


FREELY GROWING 


SOURCE OF CULTURE AGE BACILLI 


Faeces 
Pleural fluid 
Sputum 
Sputum 
Sputum 
Sputum 
Sputum 
Urine 
Sputum 
Faeces 
Sputum 
Sputum 
Sputum 
Faeces 
Sputum 
Pleural fluid 
Pleural fluid 
Sputum 
Sputum 
Sputum 
Sputum 
Sputum 
Faeces 
Faeces 
Sputum 
Sputum 
Sputum 
Faeces 
Sputum 
Sputum 
Pus 
Sputum 
Pus 
Sputum 
Pleural fluid 
Sputum 
Faeces 
Sputum 
Sputum 
Sputum 
Sputum 
Sputum 
Faeces 
Faeces 
Pleural fluid 
Pleural fluid 
Pleural fluid 
Pus 

Sputum 
Sputum 
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SOMBER VIRULENCE 
| 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 | 
24 
25 | 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 7 
46 
47 
48 
49 
50 
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toneal inoculation. The 23 cultures, ranging in age from eight to eleven 
weeks, showed freely growing bacilli in 15 instances, while the 13 cultures 
which were less than eight weeks old exhibited freely growing bacilli in 
every instance but one.‘ Reduced to a percentage basis, the results are 
as follows: 


Age of culture and capacity to produce freely growing bacilli after intraperitoneal inoculation 


AGE OF CULTURE 


NUMBER OF CULTURES 


PER CENT OF INOCULATED 
ANIMALS SHOWING FREELY 
GROWING BACILLI IN OMENTUM 


12-16 weeks 
8-11 weeks 
4— 7 weeks 


10 
23 
13 


0 
65 
92 


As noted by Willis (7), cultures of tubercle bacilli which have been 
kept in the incubator without transplantation for four to six months have 
usually lost their incubator viability. However, Theobald Smith (8) 
showed that these same bacilli retain the capacity to infect animals, and, 
upon recovery from the animal, will grow luxuriantly again on culture 
media. No doubt our own experience of failing to find freely growing 
bacilli after intraperitoneal inoculation of old cultures may be due to the 
same characteristic of tubercle bacillus cultures as that noted above by 
Smith and Willis. In order to secure growth on solid media as well as in 
order to demonstrate freely growing bacilli in the omentum it is necessary 
that the inoculum should come from relatively young and vigorously 
growing cultures. However, since the old cultures of bacilli are still 
virulent for animals, as demonstrated by Theobald Smith and in our 
own experiment, the question arises: What change does the tubercle 
bacillus undergo after subcutaneous inoculation in the guinea pig which 
enables it to regain its capacity for rapid proliferation? We shall return 
to this question again. 

In addition to the series of inoculations indicated in table 1 we have 
checked further on the question of whether or not a free growth period 
ever occurs after the intraperitoneal inoculation of acid-fast bacilli, 
avirulent for guinea pigs. Four pigs have been inoculated with recent 
cultures of avian tubercle bacilli, 4 with the R1 strain and 8 with BCG. 
In no instance were freely growing bacilli found in the omenta of the 
inoculated pigs. Furthermore, we have made use of 6 strains of chromo- 


4 It should be mentioned that, in making intraperitoneal inoculations, there is always the 
possibility that the needle may penetrate one of the loops of intestine with the resultant 
loss of the inoculum. 
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genic acid-fasts obtained from human material or from sewage. None 
of the animals inoculated with these chromogens showed freely growing 
bacilli. 


THE EFFECT OF ALLERGY 


In our previous report (6) a study was made of the omenta of 294 
guinea pigs sacrificed at daily intervals after the intraperitoneal inocula- 
tion of virulent tubercle bacilli. No freely growing bacilli were found 
during the first three days. Then the proportion of omenta showing 
freely growing bacilli rose abruptly until, on the sixth and seventh days, 
this type of growth was found in the omenta of between 80 and 90 per 
cent of the sacrificed animals. After the seventh day, the proportion 
of animals showing freely growing bacilli was found to fall abruptly. 
On and after the twelfth day we have never found this type of growth. 
The first three days, during which no freely growing bacilli are found, 
we interpret as a lag period during which the bacteria are becoming 
adjusted to a new culture medium, as it were. Following this initial 
delay the bacilli grow very much as they might on egg medium or glyc- 
erine broth. What finally checks the free growth of the tubercle bacilli 
is, we believe, the beginning development of allergy in the inoculated 
animal, for, as Sewall (9, 10) has shown, one can usually demonstrate the 
first signs of skin sensitivity on the seventh day after inoculating a guinea 
pig with tubercle bacilli. Apparently this seven-day interval is funda- 
mental in the interrelationship between animal cells and tubercle bacilli, 
for Smythe (11) and Maximow (12) have demonstrated that in tissue 
cultures inoculated with tubercle bacilli certain changes occur in the 
mononuclear phagocytes at seven days. 

Working on the hypothesis that developing allergy checks the freely 
growing bacilli one may ask: What would happen if there were no 
allergy? We have attempted to answer this question experimentally. 
In figure 7 is shown, again, a group of freely growing bacilli in the omen- 
tum of a guinea pig, sacrificed at six days. From the omentum of this 
same guinea pig a bit of tissue was removed with sterile precautions, 
incubated in a moist chamber an additional six days, and was then spread 
and stained. In the resulting preparation the masses of bacilli were so 
large that they could be seen with the naked eye (figure 8). Now, in 
animals in this same series which were allowed to live for twelve days, 
the omenta no longer showed freely growing bacilli, only scattered bacilli 
being found in the tubercles which dotted the omentum. So, the great 
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masses of bacilli in figure 8 are in contrast to the complete absence of 
freely growing bacilli at twelve days in the omenta of guinea pigs simul- 
taneously inoculated, but allowed to live and develop allergy. 

This hypothesis regarding the effect of allergy gains added support 
from the fact that we have never found freely growing bacilli in the 
omenta of guinea pigs which were already allergic at the time of their 
intraperitoneal inoculation. In such animals the folds of omentum, 
after only two or three days, become glued together by fibrous adhesions 
so dense that it is impossible to make a good spread preparation (figure 
9). The tubercle bacilli of the inoculum will be found in little pockets 
of pus in the omentum, between the lobes of the liver, or on the abdominal 
wall. If a smear is made of some of this pus an interesting thing will 
be noted. The clumps of bacilli of the original inoculum remain intact. 
In smears made at twenty-four and forty-eight hours it will be seen that 
there has been no appreciable breaking up of the clumps by phagocytosis. 
Whereas in the normal animal the polymorphonuclear cells have phago- 
cytosed most of the bacilli after only two hours, in the allergic animal 
after two days the clumps are still intact with masses of polymorphs 
packed closely about them. From their staining reactions the poly- 
morphonuclear cells immediately adjacent to the clumps of bacilli appear 
to be dead. So, while in the normal animal the phagocytosis by poly- 
morphonuclear leucocytes helps to disseminate tubercle bacilli, in the 
allergic animal the polymorphonuclear cell, by its self-immolation, tends 
to localize the infection. 

Our own experiments with freely growing bacilli have been confined 
to a study of the omentum. However, there is evidence in the literature 
(13) that a similar type of growth may occur in the lungs. In an article 
published in 1937, Jensen, Bindslev and Holm have reported observing 
in the lung what are evidently freely growing bacilli such as we have 
noted in the omentum. These authors infected guinea pigs by allowing 
them to inspire a fine spray of tubercle bacilli. A quotation from their 
own description of the lungs of an animal infected thus and killed after 
six days reads as follows: “Thorough examination of several sections 
reveals in a quite normal alveolar wall a cell that is crowded to the edge 
with tubercle bacilli so that the nucleus cannot be seen at all. Ata 
rough estimate this cell contains about 40 tubercle bacilli. A similar 
cell, containing 20 tubercle bacilli is found in another section; also this 
cell is located in perfectly normal lung tissue.” Jensen and coworkers 
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found only very few bacilli at rare intervals on the first and third days 
after exposure. At six days they found the alveolar cells containing 
great masses of bacilli and, at twelve days, found bacilli only in tubercles 
—a sequence of events which closely parallels that which we have de- 
scribed for the omentum. 


DISCUSSION 


There is abundant evidence in the literature to indicate that coincident 
with the development of allergy in animals there develops a certain 
degree of resistance to subsequent tuberculous infection. First ade- 
quately shown by Rémer (14), scores of articles since that time attest to 
the same general findings. It is our belief that one of the important 
factors in this relative immunity of the allergic animal is the fact that 
tubercle bacilli are no longer able to grow freely in association with the 
allergic tissues. Evidently the tubercle bacillus and its products are 
toxic to allergic cells, while they have no toxic effect on normal cells, 
as has been shown in tissue culture studies by Aronson (15) and by Rich 
and Lewis (16). This very toxicity might be expected to disturb those 
delicate interrelationships which make possible the symbiotic growth of 
tubercle bacilli and body cells in the normal animal. 

Multiplication of tubercle bacilli six or seven days after animal inocula- 
tion has been noted by several workers. Krause (17) described the 
masses of bacilli which had proliferated in the iliac lymph nodes of guinea 
pigs on the sixth day after inoculation, and Long and Vorwald (4), in 
their careful study of the tissue reactions which follow the intratesticular 
inoculation of acid-fast bacilli, noted at seven days that, “Tubercle 
bacilli (human type) are present in profusion, obviously having multi- 
plied greatly.” Our own work confirms the finding of this relatively 
rapid proliferation of tubercle bacilli in the tissues of normal guinea pigs. 
However, it goes further in establishing the fact that this type of growth 
continues for only a limited period of time. During this interval the 
tubercle bacilli evidently proliferate by simple fission in the ‘‘normal” 
manner demonstrated on culture media by Miehe (18) and A. D. Gardner 
(19). But this must be only one phase in the growth of tubercle bacilli 
in the body, for we have shown that such growth does not occur following 
the inoculation of allergic animals. In other words, establishing the 
limitations of the free growth period of tubercle bacilli makes it necessary 
that one assume another phase, or other phases, of growth, for we know 
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that the allergic animal possesses only partial immunity to tuberculosis. 
Also, our results with the inoculation of old cultures of the tubercle 
bacillus, when taken in conjunction with Theobald Smith’s work, point 
to the fact that the bacillus may grow in the tissues in some other manner 
than by simple fission. 

Observations made on the tubercle bacillus in vitro indicate that viru- 
lent bacilli may grow either through the intermediation of simple 
granules, as indicated by Much (20), Seiffert (21), Sweany (22) and 
Gréh (23), or by passing through a complex life cycle as shown by Kahn 
(24), Bernstein (25) and Mellon (26) as well as other workers. Our own 
preparations, made during the third week after inoculation of normal 
animals, have frequently shown suggestive granules. We hope to gather 
further data concerning these structures. 


SUMMARY 


By the use of spread preparations of the guinea pig omentum it has 
been shown that virulent tubercle bacilli, after intraperitoneal inocula- 
tion, are first subject to phagocytosis by polymorphonuclear leucocytes. 
On the fourth day after inoculation certain of the bacilli are found grow- 
ing freely on the omental cells, without interference from the ordinary 


defense mechanisms of the body. Beginning with the seventh day these 
bacilli are again subject to polymorphonuclear cell phagocytosis. For 
want of a better term the bacilli found during the four- to seven-day 
interval have been called freely growing bacilli. 

Freely growing bacilli have been found in 92 per cent of the omenta of 
guinea pigs inoculated with recently isolated cultures of virulent tubercle 
bacilli. Old cultures, even though still virulent for guinea pigs, often 
fail to show the free growth period after intraperitoneal inoculation. 
Freely growing bacilli have never been found following the inoculation 
of avirulent acid-fast bacilli. 

Freely growing bacilli have never been found in the omenta of guinea 
pigs which were already allergic at the time of the intraperitoneal inocula- 
tion. It is believed that the inability of tubercle bacilli to grow freely 
in association with allergic tissues is one of the important factors in the 
relative immunity to tuberculosis of the allergic animal. 


The authors wish to express their appreciation for the suggestions made and advice given 
by Dr. H. S. Willis during the course of these experiments. 
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BACTERIOLOGICAL DIAGNOSIS OF TUBERCULOSIS! 


Further Comparisons of the Efficiency of Smear, Culture and Guinea Pig 
Inoculation in the Detection of the Tubercle Bacillus in 
Clinical Practice 


HUGH G. WHITEHEAD 


With the technical assistance of Miss Dorothea Hilgeman 


From 1936 to 1939, 3,046 specimens of various materials were studied 
for the presence of the tubercle bacillus in the Tuberculosis Laboratory 
of the Johns Hopkins Hospital. All specimens were studied by direct 
smear, concentration and culture. In approximately half of the speci- 
mens studied, a guinea pig was inoculated with the suspected material. 
By one or more of these methods of study 321 specimens were found to 
contain tubercle bacilli. The clinical and the bacteriological findings 
were in agreement in every case. A summary of the results is given in 
tables 1 to 4. 


METHODS 


Direct smears were made and studied in the usual way. No quanti- 
tative studies were made. Berg (1) has pointed out the inaccuracy of 
such estimations. More attention was paid to the number of fields 
studied than to the time spent on each preparation. Where solid matter 
was scanty, centrifugalization at high speed was done and smears of the 
sediment were prepared. The Ziehl-Neelsen staining method was used 
throughout. Concentration of contaminated or other unsuitable ma- 
terial for culture was carried out by the chemical flocculation methods 
described by Hanks ef al. (5). Eight tubes of Petragnani’s medium (10) 
were each inoculated with 0.2 cc. of the sediment, after it had been neu- 
tralized with 2.5 N hydrochloric acid. The tubes were incubated at 
37.5° C. and were examined weekly, as described in a previous report 
(18). Concentration, centrifugalization and smears of the sediment did 
not seem to increase the number of organisms seen in the smears. 
Guinea pigs were inoculated subcutaneously in the usual fashion, and 


1 From the Department of Medicine, Johns Hopkins Hospital, Baltimore, Maryland. 
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were observed weekly for the appearance of lymphadenopathy at the site 
of injection. The animals were autopsied after six weeks if any such 
reaction had developed. Animals showing no abnormality were sacri- 
ficed in ten weeks. Gross and microscopical studies were made of the 


organs. 


RESULTS 


As indicated in table 1, specimens of sputa, urine and pus comprised 
most of the material used for guinea pig inoculations. It is apparent 
that the culture method discovered the presence of tubercle bacilli much 


TABLE 1 


Series of 139 miscellaneous specimens studied with smears, concentration, culture, and guinea pig 
inoculation, and positive by one or more methods 


NUMBER SMEAR | CULTURE |GUINEA PIG |GUINEA PIGt 
POSITIVE | POSITIVE | POSITIVE DIED 


12 


wm 


Skin biopsy 
Ascitic fluid 


nN 
w 


* 1 culture contaminated and discarded. 
t Died prematurely. 


more frequently than did direct examination of the material studied. 
In the case of sputa the frequency was more than doubled, in urine it 
was tripled, and in pus there were eight times as many positive findings 
on culture as there were on smear. The number of other materials 
studied was not sufficient to warrant conclusions. When allowance is 
made for premature deaths of guinea pigs from intercurrent infection, 
the culture method equals the animal inoculation method in efficiency 
and dependability. 

Certain influences must be considered in an analysis of table 2. This 
group is made up of specimens for the study of which no animal inocula- 
was requested. This indicated generally that the specimen was from an 


MATERIAL 
4 
6 
Cerebro-spinal fluid. ............... 8 
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TABLE 2 


Series of 182 miscellaneous specimens studied with smears, culture, and concentration and positive 
by one or more methods 


NUMBER 
POSITIVE 


129 

28 
Gastric contents 
Cerebro-spinal fluid 
Venous blood 


TABLE 3 
Comparison of efficiency of smear, culture, and guinea pig inoculation in 139 miscellaneous 
specimens, and positive by one or more methods 


CULTURES GUINEA PIGS 


* 


* 2 cultures contaminated and discarded. 
¢ 9 guinea pigs died prematurely. 


TABLE 4 
Comparison of efficiency of smear and culture, 182 miscellaneous specimens; and culture and 
guinea pig inoculation in 204 specimens; positive by one or more methods 
Smears and cultures only 


CULTURES 


Cultures and guinea pig inoculations 


GUINEA PIG INOCULATION 


* 9 guinea pigs died prematurely. 
¢ 2 cultures contaminated and discarded. 


MATERIAL | | | 
72 106 
6 26 
1 
4 9 
1 2 
0 1 
0 1 
SMEARS | NUMBER 
+" 55 
- - + 21 
~ + -t 29 
+ - 2 
+ + -t 4 
+ + | + 23 
SME ARS | NUMBER 
139 
+ - 27 
CULTURES eC NUMBER 
+ 31 
—t | 23 
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individual with known tuberculosis. For this reason a higher percentage 
of positive smears was to be expected. In the case of the one positive 
stool recorded, the smear contained numerous typical acid-fast organisms 
but the culture remained sterile. In such materials the tubercle bacilli 
are commonly dead or devitalized. The ubiquity of nonpathogenic acid- 
fast organisms must also be borne in mind in all cases, and the clinical 
picture must be considered. 

Tables 3 and 4 indicate the comparative efficiency of the three methods. 
Again it is evident that the methods of animal inoculation and of culture 
are of equal efficiency. Under some circumstances the organisms grow 
characteristically on media but will not multiply or be disseminated in 
animals. At other times the animals become tuberculous, with typical 
inoculation type of disease, but the cultures do not produce growth. 
Studies of pathogenicity were carried out in cases in which the colonial 
characteristics were not typical or in which the clinical picture did not 
confirm the bacteriological findings, when first observed. In 3 cases, 
bovine strains were found. Further studies are being carried out with 
strains grown in culture that were typical in appearance, but that had 
little or no pathogenicity for guinea pigs. 


DISCUSSION 


Little is known definitely of the factors which influence the growth 
in vitro and in vivo of the tubercle bacillus. The influence of the environ- 
ment, especially the pH of the culture medium, has been emphasized 
by Oatway (9) and Steenken (15, 16, 17). The influence of the source 
from which the tubercle bacillus is isolated, for example, pus, urine, spu- 
tum, faeces et cetera, is undoubtedly great, and too often is not considered 
in the search for the organism. It is likely that the material studied 
may determine the type or types of media to use for culture purposes. 
The need for guinea pig inoculation in all studies of urine has been em- 
phasized by Seidman (13). Petrik (11) has pointed out the experience 
necessary in choosing the most favorable concentrating material and the 
culture media for a given specimen. The influence of metal catalysts 
added to the various. media in promoting earlier and more abundant 
growth is the subject of a report by Sher and Sweany (14). The in- 
fluence of the nitrogen content of the medium is another important 
consideration, as a recent study by Henley (6) has shown, and the report 
of Lawson (8) seems to indicate specificity of the protein complex of 
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legumes for the development of the tubercle bacillus. Discrimination 
must also be used in the choice of a concentration method. Feldman (7) 
points out, for example, that tubercle bacilli cannot be collected efficiently 
from urines by direct centrifugalization. Eisendrath (3) wisely points 
out that as yet insufficient work has been reported to justify definite 
conclusions concerning the best concentration or culture methods, and 
the comparisons of such methods with the animal inoculation procedure 
for efficiency in diagnosis. 

Finally, and of greatest importance, attention is called to the problems 
raised by increasing the sensitivity of our means for detecting the tubercle 
bacillus. The clinical aspects and administrative difficulties that help 
determine the establishment of a diagnosis of pulmonary tuberculosis in 
the absence of bacteriological confirmation have been stressed most re- 
cently by Scadding (12) and Davies (2), but the exact interpretation of 
a positive laboratory report for tubercle bacilli is changing constantly. 
Gullbring (4) reported in 1937 the tremendous number of positive re- 
sults obtained by studying the fasting gastric contents of 348 adults who 
had no sputum or who were bacillus-free when tested in the ordinary 
way. A subsequent report called attention to a potential hazard of the 
method that may be caused by inadequate cleansing of the rubber tubes 


employed in its use. Other pitfalls are encountered when other methods 
are utilized, and it is only by correlating all data derived from the clinic 
and from the laboratory that a true evaluation of each case can be 
reached. 


SUMMARY AND CONCLUSIONS 


1. Tubercle bacilli were found in 321 of 3,046 specimens of various 
materials submitted for examination from the wards and clinics of the 
Johns Hopkins Hospital during a period of three years. 

2. The materials were studied by smear, concentration and culture in 
all cases and, in addition, by animal inoculation in half of the cases. 

3. An analysis of the results has been given in four tables and a com- 
parison has been made of the relative efficiency of the methods of di- 
agnosis. 

4. For maximum efficiency in diagnosis all methods should be used, 
including several different types of media. Discrimination in the choice 
of concentrating methods, with the character of the specimen as a primary 
consideration, should be employed more extensively. 
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SULFAPYRIDINE IN EXPERIMENTAL TUBERCULOSIS 
IN GUINEA PIGS! 


FRED H. HEISE anp WILLIAM STEENKEN, Jr. 


Sulfanilamide, sulfapyridine and allied compounds have been reported 
variously as beneficial or ineffectual in the treatment or inhibition of the 
development of tuberculosis in guinea pigs. A representative bibli- 
ography will be found in the article by Corper (1). 

In our experimental work we tried to determine the inhibitory effect 
of sulfapyridine? upon the growth of the tubercle bacillus in the test 
tube and its effect upon recent tuberculous infection in guinea pigs. 

Two kinds of media were used, Steenken and Smith’s (S & S) and 
Proskauer and Beck’s (P & B). Two batches of S & S media were 
prepared, one with pH of 7.2 and one with pH of 6.2. Concentrations 
of sulfapyridine in these media were as follows: 1, 5, 10, 20, 40, 80 mg. 
per 100 cc.; and five tubes of each concentration were inoculated with 
H37 Rv and five with H37 Ra tubercle bacilli. Growth readings are 
shown in the following tables: 


Seventeen day growth readings—S & S media pH 7.2 


MG. PER CENT CONCENTRATION 
CONTROL ORGANISMS 


5 10 20 40 80 


+ + + + H37 Rv 
+++ + + + 0 


H37 Ra 


+ 


Fourteen day growth readings—S & S media pH 6.2 


MG. PER CENT CONCENTRATION 
CONTROL | ORGANISMS 


1 s | 10 20 40 80 


+t+4++ +++ | ++ + + + H37 Rv 
+t4++ +4+4+ | ++ + H37 Ra 


Each of the concentrations of sulfapyridine, namely, 1, 5, 10, 20, 
40, 80 mg., were added to four bottles, each containing 100 cc. of P & B. 


1From the Trudeau Sanatorium, Trudeau, New York. 
2 Kindly furnished by Merck & Company, Rahway, New Jersey. 
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medium. Each bottle was seeded with one loop 5 x 5 mm. of H37 that 
had been growing on P & B medium for twenty-one days. 

At the end of four days a slight increase in growth could be seen in 
each bottle. At the end of fourteen days marked growth was seen in 
the control bottles in contrast to the sulfapyridine bottles. At the end 
of one month the growth on each group of four bottles was harvested. 
The organisms were washed, dried and weighed. The results wereas 
follows: 

Mg. sulfapyridine Weight of harvested organisms 


per 100 cc. in 4 bottles 
in grams 


Control 0.2372 
1 0.1758 

0.1143 

10 0.0596 
20 0.0614 
40 0.0441 
80 0.0290 


From these culture experiments it is seen that sulfapyridine does have 
some inhibitory effect on the growth of tubercle bacilli, both on the 
H37 Rv and H37 Ra on S & S media of pH 7.2 and pH 6.2. The inhibi- 
tory effect is more noticeable in higher concentrations and was not total 
after seventeen days at 80 mg. per cent concentration except for the H37 
Ra on pH 7.2 medium. The effect of this inhibition of growth is seen 
more accurately in the measured dry weight of tubercle bacilli of one 
month’s growth on P & B medium. The inhibitory effect, however, 
was not total even at 80 mg. per cent. 

To observe the effect of sulfapyridine on tuberculosis in guinea pigs, 
10 guinea pigs with negative skin reactions to tuberculin, weighing 
about 300 g. each, were selected. Each was infected by inhalation of 
four puffs of a suspension of H37 Rv, containing about one organism per 
oil immersion field. All guinea pigs reacted to 5 per cent OT with about 
15 x 15 mm. necrotic centres. 

Five of the pigs were then used as controls and 5 were treated with 
sulfapyridine by mouth. The treated each received 12 grains daily, 6 
grains at 8 a.m. and 6 grains at4p.m. Blood level determinations were 
made each week. Four hours after giving the sulfapyridine, 2 cc. of 
blood was removed from the left heart of each guinea pig and pooled in a 
tube containing sodium oxalate. The results of the determinations by 
the method of Marshall were as follows: 


SULFAPYRIDINE IN TUBERCULOSIS 


March 24, 1939— 7.5 mg. per 100 cc. 
April 4, 1939—14.0 mg. per 100 cc. 
April 13, 1939—12.0 mg. per 100 cc. 
April 26, 1939— 8.5 mg. per 100 cc. 
May 3, 1939—10.0 mg. per 100 cc. 
May 10, 1939— 8.5 mg. per 100 cc. 
May 17, 1939— 8.0 mg. per 100 cc. 
May 24, 1939— 7.5 mg. per 100 cc. 
May 31, 1939—12.0 mg. per 100 cc. 
June 7, 1939—10.0 mg. per 100 cc. 
June 14, 1939— 8.0 mg. per 100 cc. 
June 21, 1939— 7.5 mg. per 100 cc. 
June 28, 1939—10.0 mg. per 100 cc. 
July 5, 1939—11.0 mg. per 100 cc. 
July 12, 1939— 5.5 mg. per 100 cc. 
July 20, 1939— 6.0 mg. per 100 cc. 
July 27, 1939—12.0 mg. per 100 cc. 
August 2, 1939— 9.0 mg. per 100 cc. 


Tests for both free and conjugated sulfapyridine by Marshall’s method 
and recorded in mg. per 100 cc. were as follows: 
Free Conjugated Total 
2.0 12.0 
1.5 8.5 
1.0 7.5 
2.6 12.0 
All animals were killed six months after infection and five months 
after beginning the treatment with sulfapyridine. The results of the 
autopsies are given in the following table. Evaluations of the degree 
of tuberculosis are based on the scale of Steenken and Baldwin. 


TREATED CONTROLS 


Degree of tuberculosis Degree of tuberculosis 
Number of 


Spleen animal Lungs Liver Spleen 
od. 


186 0 181 + 0 0 
18 ++ 184 
190 | +++] + + 
19 + 182 | ++ | +++] +++ 
187 + 183 + + ++ 


Average 1.8+ 1.4+ | 2. Average 2+ 1.8+ 2+ 


Average of all organs, 1.6-+ Average of all organs, 1.9+ 


From this table it is readily seen that there was no definite inhibitory 
effect of sulfapyridine upon inhalation tuberculosis in guinea pigs under 
the conditions of the experiment. 
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SUMMARY 


Growth of tubercle bacilli on Smith and Steenken’s and on Proskauer 
and Beck’s media was not entirely inhibited by sulfapyridine even in 
concentrations of 80 mg. per cent. 

Inhalation tuberculosis in guinea pigs produced by relatively small 
doses was not inhibited by sulfapyridine in blood concentrations of 6.5 
to 10 mg. per cent after five months of treatment. 
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CASE REPORTS AND LABORATORY NOTES 


PNEUMOPERITONEOSCOPY! 


Cauterization of Adhesions between Liver and Diaphragm 
H. A. JONES 


Adhesions between the liver and diaphragm are commonly observed in the 
course of treatment of pulmonary tuberculosis by pneumoperitoneum. No 
reference has been noted in the literature about attempts to increase the 
elevation of the diaphragm by severing these adhesions. It is the purpose 
of this report to give a description of such a procedure. 

An eighteen year old girl with far advanced bilateral pulmonary tuberculosis 
came under observation in July, 1938. Her right lung was densely infiltrated 
in the lower half; two cavities of moderate size were demonstrable in the mid- 
lung area. The left lung was lightly infiltrated in the middle third. Pneumo- 
thorax was induced on the right side but was abandoned in March, 1939 as 
ineffectual. Thoracoscopic examination had revealed an extensive adherence 
of the pleurae in the lower half with no discrete adhesions. A right phrenic 
crushing in October, 1938 resulted in a slight rise of the diaphragm but little 
or no improvement followed. Left pneumothorax was induced in May, 1939 
because infiltration on this side had increased slightly. In September, 1939 
the right phrenic nerve was recrushed after which pneumoperitoneum was 
induced. Some improvement resulted after three months and the smaller of 
the cavities became closed. 

As may be noted in figure 1 adhesions between the diaphragm and liver 
caused a marked tenting of the latter. A peritoneoscopic examination was done 
in March, 1940, the same general plan as fer thoracoscopy being followed. 
Position of the patient was as for thoracoscopy, except that the upper half of 
the operating table was tilted 45 degrees. The adhesion was readily located 
and found to be approximately one and one-half inches long and two and one- 
half inches wide. It possessed three thick folds between which was relatively 
thin but fibrous looking tissue. There was a prominent bulge both on the 
liver and on the inferior surface of the diaphragm where the adhesion was at- 
tached. A second cannula was introduced lateral to the first. When the 
trochar and cannula reached as far as the peritoneum it was necessary to make 
a short stabbing motion before this could be readily penetrated. The adhesion 
was severed with the galvanocautery without pain or bleeding. During the 


1From the Tuberculosis Division, Provincial Board of Health, Tranquille, British Col- 
umbia. 
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course of the operation there was some escape of air and refills were necessary 
twice. 

As may be seen from figure 2 there resulted no great improvement of the 
penumoperitoneum, although the diaphragm was elevated slightly more than 
previously. Within a few weeks of the operation sputum remained positive 
but there was some diminution of amount; very little alteration in the radio- 
graphic appearance of the right lung resulted. 


Fic. 1 Fic. 2 


Fic. 1 (left). Pneumoperitoneum following crushing of right phrenic nerve. Note adhe- 
sions between liver and diaphragm and marked tenting of liver. 
Fic. 2 (right). Adhesions have been severed. Position of diaphragm slightly higher. 


CONCLUSION 


An increased elevation of the diaphragm may be obtained in a pneumo- 
peritoneum by severing adhesions between the liver and diaphragm. The 
operation by the closed method is simple and is similar to closed intrapleural 
pneumonolysis. Although in the patient described above there was no marked 
improvement it is probable that an operation of this kind may at times be 
of value. 


BACTERIAL ENDOCARDITIS IN PULMONARY 
TUBERCULOSIS! 


SAMUEL ALPERT AND CHARLES GOTTLIEB 


While the coexistence of a complicating disease in pulmonary tuberculosis 
is not unusual, the occurrence of bacterial endocarditis in this chronic disorder 
is rare. An exhaustive review of literature revealed but one report, that of 
Cordier and Reviere (1) in 1931. The following case is submitted, not only 
as an additional example, but also because of the extraordinary clinical picture 
which was associated with it. 

A fifty-six old white male was admitted on April 18, 1939 complaining of pain 
in his chest, cough, and malaise of two weeks’ duration. Two days before 
admission, his right ankle became tender and swollen. On admission, patient 
appeared to be acutely ill, and had a temperature of 102.8°F. There were 
dulness and distant bronchial breathing over the right upper lobe. The 
heart showed no significant abnormalities except for an apical systolic murmur. 
The right ankle was swollen, hot and tender. The fingers were clubbed. The 
white blood count was 14,500 with 90 per cent polynuclears. Blood culture 
taken on admission was reported as positive for pneumococcus type 1. Sub- 
sequent ones were all negative. The sputum did not type out and examina- 
tion for tubercle bacilli was negative on three occasions. An X-ray film of 
the chest (figure 1) showed a dense area of absent illumination involving the 
upper two-thirds of the right pulmonary field. The course in the hospital 
was relatively benign. Sulfapyridine was administered but defervescence was 
gradual, reaching a normal level only after six weeks. Physical signs and re- 
peated X-ray films (figure 2) showed slight contraction and clearing of the 
pulmonary lesion. The swollen ankle, considered to be an expression of the 
septicaemia, subsided. After a stay of six weeks, the patient was discharged 
with a diagnosis of unresolved pneumonic process in the right upper lobe. 
Two weeks later his cough became more pronounced and expectoration more 
abundant. Shortly before his second admission he began to experience shak- 
ing chills almost daily. Weight loss was progressive. He developed pain in 
the left chest. He was finally readmitted four months after his first discharge, 
and at this time he appeared to be gravely ill. Dulness, bronchovesicular 
breathing and rales were noted over the right upper lobe. The heart sounds 
were distant and no distinct murmur was heard. An X-ray film (figure 3) 


1 From the Medical and Roentgenological Services of Lincoln Hospital, Bronx, New York. 
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Fic. 1 (top left). X-ray film-of chest taken May 5, 1939, showing diminished illumination 
in the upper two-thirds of the right pulmonary field, interpreted originally as a pneumonic 


process. 
Fic. 2 (top right). Film taken in June, 1939, showing clearing of lesion previously noted. 
Fic. 3 (bottom). Film taken in October, 1939, showing dense shadow in the upper third 
of the right pulmonary field. The arrows point to an area of cavitation. The dense shadow 
in the left hilar region was thought to represent a large metastatic node. 
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showed the area of diminished illumination previously noted in the right upper 
lobe, within which there was now seen definite evidence of cavitation. On the 
contralateral side there was a large round dense shadow in the hilar region. 
Fluoroscopic analysis could not be done because of the poor condition of the 
patient. The course was rapidly downhill, intermittently febrile, and the 
patient expired one week after admission. 

The clinical impression in view of the course and the X-ray findings was that 
of carcinoma of the right upper lobe bronchus with secondary pneumonitis and 
metastasis to the contralateral hilar nodes. The pathological findings, as 
described by Dr. A. Wilkins, were startling. The “carcinomatous” right lung 
proved to be the seat of extensive tuberculosis with multiple large cavities. 
The leaflets of the mitral valve were thickened, fused and the orifice was 
stenotic. Similarly, there was thickening of the cusps of the aortic valve with 
rolling of the edges, superimposed on which was a large firm friable thrombus. 
The so-called “metastatic node” proved to be a large saccular aneurysm of the 
descending aorta, an embolic manifestation of the subacute bacterial endo- 
carditis involving the aortic valve. No significant organisms could be grown 
out from the afflicted valves. 


COMMENT 


One might register a brief note in defense of the clinicians who appear to 
have been so completely wrong in the diagnosis. Because of the dense, well 
demarcated shadow in the right upper lobe and a positive blood culture for 
pneumococcus type 1, the intital diagnosis of lobar pneumonia was perfectly 
logical. Because of the slow defervescence and apparent retardation of ana- 
tomical resolution, pulmonary tuberculosis was suspected but could not be 
confirmed. The findings in the heart were too equivocal to direct attention 
to that organ as a seat of a lesion. The subsequent course and above all the 
serial X-ray films seemed to point to one diagnosis and one only, that of 
carcinoma of the lung, the clinical manifestations of which were considered 
to be altered by a secondary pulmonary infection and complicating septicaemia. 
To have foreseen the actual pathological findings would have required more 
than an ordinary amount of clinical intuition. 

The complete lack of association between the pulmonary and endocardial 
lesion is striking. A review of the films would indicate that the tuberculous 
lesion was of relatively recent origin starting as a caseous pneumonic process 
which slowly but progressively seemed to undergo fibrosis and excavation. In 
other words, it was quite apparent that this lesion was pursuing a relatively 
benign course. It would be difficult to assign a date to the onset of the endo- 
cardial lesion but presumably it started shortly after, or at about the time of, 
the first admission and was probably of pneumococcal origin as indicated by 
the blood culture. One can then hypothecate that the temporary remission 
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in symptoms was due to the sulfapyridine, the favorable therapeutic action 
of which in pneumococcal infection is well known. The evioution of the tuber- 
culous lesion seemed to be entirely uninfluenced by the endocarditis, and, 
vice versa, the pulmonary infection appeared to play no réle whatsoever in 
altering the course of the endocardial lesion. 


SUMMARY 


We have presented a case of subacute bacterial endocarditis occurring sim- 
ultaneously with pulmonary tuberculosis and, as a result of an embolic 
mycotic aneurysm of the aorta, giving rise to a rather unusual roentgenogram 
responsible for a complete error in clinical diagnosis. The independent course 
pursued by the two lesions is emphasized. 


REFERENCE 


(1) Corprer, V., AND REvIERE, J.: L’endocardite infectieuse vraie au cours de la tuberculese 
pulmonaire, J. de méd. de Lyon, 1931, 12, 609. 


a 


TUBERCULOUS MENINGITIS AS A SEQUENCE OF THORACIC 
SURGERY! 


ARCHIBALD C. COHEN AND EDWARD W. CUSTER 


Tuberculous meningitis has occurred twice following thoracic operations 
in this institution. Since no reports of this sequence were found in the litera- 
ture, it seemed of interest to us to review these 2 cases. 


Case 19417, a white woman, age twenty-four, was admitted to the Sanatorium 
on March 24, 1937 with symptoms of tuberculosis for three and a half years. 
She had a fibro-exudative lesion containing two small cavities in the right upper 
lobe, and a less extensive area of infiltration, also containing a small vomica, 
in the left upper lobe. Artificial pneumothorax was induced on the right, but 
abandoned two weeks later because extensive pleuritis prevented an effective 
collapse. The patient was then treated by bed-rest until November, 1939. 
The disease in the right lung remained stationary except for a slight increase 
in the size of the cavity, but extension took place on the left, and a fairly large 
cavity appeared in the apex. Artificial pneumothorax was then begun on 
this side, and a 40 per cent collapse obtained by March, 1940. However, the 
apical cavity was held open by several adhesions. The patient was not 
toxaemic for at least three months prior to this time, and her general condition 
was the best it had been since the onset of her illness. The sputum was con- 
sistently positive, the sedimentation rate 28, and the temperature normal. 
There were no symptoms of extrapulmonary tuberculosis. 

An intrapleural pneumonolysis was done by Dr. Moses Behrend of Phila- 
delphia on March 27, 1940 by galvanocautery. One lateral adhesion was 
severed, but those at the apex and to the mediastinum were inoperable. No 
blood vessels were opened and there was no bleeding. 

Postoperatively there was a moderate degree of subcutaneous emphysema, 
which disappeared within a week. No pleural effusion developed. The 
temperature, previously normal, rose to 101°F. the day after operation and 
thereafter was irregular but consistently elevated. One week later the patient 
complained of severe, persistent, generalized headache. Nausea, vomiting, 
photophobia, stupor, urinary incontinence and coma developed. The Babinski 
reflex and Kernig’s sign became positive, and the pupils dilated and reacted 


1 From the Pennsylvania State Tuberculosis Sanatorium, Dr. Henry A. Gorman, Medical 
Director, Hamburg, Pennsylvania. 
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sluggishly to light. A spinal puncture on April 15 yielded a clear fluid, under 
normal pressure, with a cell count of 22, normal globulin, and a thin pellicle 
in which tubercle bacilli were demonstrated on direct smear. Repeated urine 
examinations were made, but no tubercle bacilli were found by direct smear 
or culture. No blood culture was taken. The patient died on April 22, 
twenty-six days after operation, nineteen days after the onset of symptoms 
of meningitis. Permission for autopsy was not granted. 


Case 18910, a white woman, age twenty-one, was admitted to the Sanatorium 
on September 21, 1938 with symptoms of tuberculosis for fourteen months. 
She had an extensive infiltration throughout the left lung with a large cavity 
in the upper lobe. There were scattered, sharply defined deposits from the 
apex to the base on the right. The mediastinum was retracted toward the 
right. No extrapulmonary tuberculosis was discovered. The patient’s con- 
dition remained stationary; she was not toxaemic and was afebrile for the 
four months preceding operation, and gained 13 pounds. She had a vital 
capacity of 1.8 litres, a venous pressure of 90 mm. Her sputum was consis- 
tently positive. 

A left posterolateral thoracoplasty was done under cyclopropane anaesthesia 
on January 26, 1939 by Dr. Moses Behrend. The upper three ribs were re- 
moved together with the intercostal muscles and nerves. A Semb apicolysis 
was also done. The patient had a blood transfusion, and the postoperative 
course was uneventful with the temperature reaching normal on the eleventh 
day. The sputum became negative immediately and remained so. The 
wound healed satisfactorily. A second-stage thoracoplasty was performed on 
March 1, at which time the fourth, fifth and sixth ribs were removed under the 
same anaesthesia. Following transfusion, the patient again had a good re- 
covery, the temperature reaching normal on the fourth day. She continued 
to improve, the temperature remained normal, repeated sputum concentra- 
tions negative, and a gain of five pounds was noted. However, on April 20, 
seven weeks postoperatively, a constant generalized headache developed and 
increased in severity. The temperature rose to 100°F. and remained ir- 
regularly elevated. Photophobia, vomiting and rigidity of the neck muscles 
were experienced. A blood count taken at this time was within normal limits. 
Spinal taps were done on May 1 and 2, and a clear fluid under no increase in 
pressure was obtained. Globulin and sugar values were normal, the cells were 
increased to 27 and no pellicle formed. No tubercle bacilli were found in the 
centrifuged sediment. The tendon reflexes were found to be increased and 
ankle clonus was present on May 5. At this time an eye-ground examination 
revealed blurring of the disc. A leucocytosis of 11,500 with a relative increase 
of small lymphocytes was noted. Two additional spinal taps gave no further 
information other than a slight increase in the cell count. A leucocytosis of 
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16,100 with a relative increase of polymorphonuclears was noted on May 13. 
The patient became progressively more stuporous, finally comatose, and died 
on May 17, 1939. No autopsy was obtained. Although absolute proof of 
the specificity of the meningitis is lacking in this case, we believe the clinical 
signs to be sufficiently definite to warrant the diagnosis. 


DISCUSSION 


The 2 cases presented were the only examples of tuberculous meningitis 
that occurred in over 400 thoracic operations done in this institution from 
1937 to 1940. 

The immediate onset of clinical symptoms referable to the nervous system 
following the pneumonolysis indicates the relationship of the meningitis to 
the operation. The association is not quite as clear in the second case, since 
the interval between the second-stage thoracoplasty and the appearance of 
symptoms was seven weeks. However, inasmuch as this length of time is 
within the arbitrary limits usually set for the development of complications 
attributable to thoracic surgical procedures (1), and since the incubation period 
of the disease may be as long as this, we have considered it also a complica- 
tion of the operation. 

Most cases of spread of pulmonary tuberculosis following chest operations 
are bronchogenic; haemotogenous dissemination rarely happens (2). How- 
ever, these 2 cases must be classified with the latter type. The infection could 
reach the meninges only by way of the blood-stream according to one of the 
following methods. Emboli composed of tubercle bacilli may have been 
liberated into the circulation at the time of operation. Autotuberculinization 
of the pulmonary lesion may have taken place with subsequent spread into 
the pulmonary vein. Finally, a focal reaction of a distant, latent, previously 
unrecognized cerebral focus may have occurred. The immediate onset of 
meningeal symptoms following the pneumonolysis suggests the first possibility 
to be the most reasonable one in that case, although no blood vessels of sig- 
nificant size were opened and no grossly infected tissues were entered. We 
cannot explain the pathogenesis of the meningitis following thoracoplasty, 
but an X-ray plate taken two weeks after the operation did not show the 
uniform haze usually associated with focal reaction of pulmonary lesions. 
This would indicate that the meningitis was due to either direct haematogenous 
spread at the operation, or to allergic activation of a focus in the meninges 
already present, but unrecognized. 


SUMMARY 


Two cases of tuberculous meningitis following two different thoracic opera- 
tions, namely, pneumonolysis and thoracoplasty, are presented. It is believed 
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that the infection in both cases was due to dissemination through the blood- 
stream. 
REFERENCES 
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DIFFERENTIATION OF TUBERCLE AND SMEGMA BACILLUS! 


MICHAEL J. BENT AND HAROLD D. WEST 


In 1884, Lustgarten announced the discovery of the smegma bacillus in 
syphilitic lesions. He expressed the belief that this bacillus was the aetiological 
factor in this disease. His announcement stimulated many investigators 
to study this bacillus. They not only confirmed the findings of Lustgarten, 
but also found similar organisms in the secretions from the genitals and ani of 
normal persons, and occasionally in the mouth and throat (1). 

The close morphological and cultural resemblance of this microérganism 
to the tubercle bacillus requires some means of differentiation between them. 
The staining reaction is the one most commonly used for this purpose. The 
mere fact that Brereton and Smith (2) named over twenty staining methods 
is proof that a satisfactory staining method has not been found in spite of the 
many claims to that effect. Pappenheim’s stain is unsatisfactory although it 
is recommended as the best by many text-books on bacteriology. Several 
of our cultures of smegma bacilli showed acid-fast microérganisms after nine- 
teen hours immersion in Pappenheim’s stain. Lindeman (3) recommended 
thymol-victoria-blue for the differential staining of tubercle bacilli and smegma 
bacilli, but concluded that in doubtful cases animal inoculation is necessary. 

Dahms (5) stated that “Laser contends that cultivation is the most reliable 
method of differentiating the smegma bacillus from bacilli that are deceivingly 
similar to it.”” However, no mention is made of the medium which should 
be used. The only statement of a specific medium is the one by Sairaiji (6) 
who used Petragnani’s medium. He obtained 27 cultures of acid-fast organ- 
isms from 50 specimens of urinary sediment and smegma. These organisms 
are temporarily classified into two types, A and B, with the statement that 
further studies would be done to determine the type and pathogenicity. 

Interest in this study was due primarily to the frequent finding of acid-fast 
organisms in the various specimens coming to the laboratory that could not 
be identified as tubercle bacilli. Table 1 shows the occurrence in specimens 
submitted routinely for examination. 

The 28 specimens (18 smears and 10 cultures) found positive for acid-fast 
organisms other than tubercle bacilli exhibited many of the morphological 

1 From the Laboratories of Bacteriology and Biochemistry of Meharry Medical College, 
Nashville, Tennessee. 
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characteristics of the tubercle bacilli. Animal inoculation and culture proved 
that they were not tubercle bacilli. 

Seven of our cultures from vaginal secretions caused complete decoloriza- 
tion of the malachite green in Petroff’s and Petragnani’s media. Culturally 
and morphologically these 7 were similar to cultures of smegma on these media. 
The 3 remaining vaginal cultures, although acid-fast, did not decolorize the 
media. The colonies had a creamy color and a moist sticky consistency when 
touched with a platinum loop. 

Following this observation, a loopful of each of the 4 specimens of sputum 
containing acid-fast bacilli that could not be identified definitely by staining 
was streaked on slants of the media mentioned above. The sputa were treated 
before culturing according to the method of McNamara and Ducey (4). Ex- 
perience has shown that this preliminary method of treating sputum will not 
kill the smegma bacillus. Only one culture showed growth. The morphologi- 
cal and cultural characteristics were similar to those of the semgma bacillus. 


TABLE 1 


NUMBER OF SPECI- 
MENS POSITIVE FOR 
NATURE OF SPECIMENS ACID-FAST BACILLI 

OTHER THAN 
TUBERCLE BACILLI 


Vaginal smears y 7 
Vaginal cultures 10 


Urine sediment 


406 28 


No growth was obtained from the other 3 specimens although numerous acid- 
fast bacilli were present in stained preparations. 

The next step was to determine the mechanism of the color change on the 
media by the smegma bacillus. It is not produced by recently isolated cultures 
of tubercle bacilli. This color change by the smegma bacillus has been ob- 
served in hundreds of cultures on these media in this laboratory. 

A consideration of the chemistry of the triphenylmethane dyes leads at 
once to certain possibilities regarding the nature and mechanism of their 
decolorization. These dyes are formed through the action usually of hydro- 
chloric acid on the appropriate color-base, which is colorless. In this reaction 
it is supposed that the acid unites with an amino-group, water is eliminated, 
and a quinoid structure (chromophore) is established. The rate at which 
this reaction takes place varies with the hydrogen ion concentration and the 
temperature. Further, this reaction is reversible, hydroxyl ions causing the 
dye to be reconverted to the colorless color-base. It thus appears that the 
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development of alkalinity may be a causative factor in the disappearance of 
color in the smegma cultures. 

Since the colorless color-base is formed. in the synthesis of these dyes from 
the corresponding leuco-base by the action of mild oxidizing agents, it is also 
to be supposed that the decolorization might be the result of reducing sub- 
stances elaborated by the organisms during their metabolism. 

Numerous studies of the chemical changes occurring in media of varying 
composition during the growth of acid-fast organisms have been carried out. 
Smith (7) first reported that tubercle bacilli of the human type produce a 
terminal acid reaction when grown in glycerol nutrient broth differing in this 
respect from tubercle bacilli of the bovine type which produced smaller amounts 
of acid. Kendall, Day and Walker (8) found that tubercle bacilli grown on a 
glycerol nutrient broth tend to a definite final acidity following a preliminary 
production of ammonia. Using a synthetic medium, Johnson and Renfrew 
(9) showed that the period of increasing growth of human tubercle bacilli is 
characterized by an increase in ammonia content and pH. When the growth 
of the bacilli ceases, or the rate of growth is apparently balanced by the rate of 
cell autolysis, the pH and ammonia values decrease to a final comparatively 
constant value. The pH curves obtained by them were in close agreement 
with those obtained by others (10, 11). Henley (12), in a study of the reac- 
tion and growth curves of cultures of tubercle bacilli grown on glycerine beef 
infusion broth, also observed a final acid reaction in the media. In a study 
in which they employed fifteen strains of acid-fast bacteria of the genus Myco- 
bacterium growing on a synthetic medium, Weinzirl and Knapton (11) ob- 
served that on glycerine all the microérganisms produced acidity which was 
permanent. The smegma bacilli, illustrative of the second type, manifested 
a reaction characterized by a recession of the acidity to a final definite al- 
kalinity. Sewall and de Savitsch (13) prepared mixed cultures of smegma 
bacilli and tubercle bacilli which were grown on Long’s synthetic medium. 
After forty-three days of growth the medium was definitely alkaline. In 
other preparations incubated for a period of seventy-one days, the reaction 
approximated the same terminal alkalinity. 

There appears to be no observation recorded in the literature available in 
which a triphenylmethane dye has been reduced by an acid-fast organism. 
Holman (14) states that the decolorization seen sometimes in using neutralized 
acid-fuchsin (Andrade’s) indicator where a secondary alkaline production 
occurs is sometimes due to reduction of the fuchsin by the bacteria. How- 
ever, no experimental verification of this statement was presented. 

In order to study the factors involved in the color change produced by the 
smegma organisms we used cultures of the two organisms in question grown 
on glycerine beef infusion broth, Long’s synthetic medium, Petroff’s and 
Petragnani’s media. The initial and final pH values of the liquid cultures 


q 
“al 
y 
a. 
e 
n 
m 
lg 
ad 
X- 
ot q 
Ss. 
ii 
1- 
4 
Ss 
)- 
it 
ir 
n q 
h 
e 
e 
ij 


818 MICHAEL J. BENT AND HAROLD D. WEST 


were determined by colorimetric procedure. The standards were made from 
the buffer solutions described by Clark and Lubs (15) and comparisons were 
made in a block comparator. Compensation for the color in the unknowns 
was accomplished by looking through a tube of unknown placed behind the 
standard. 

The organisms were removed from liquid cultures by filtration after two 
to four weeks’ growth. The filtrates contained the factor responsible for the 
decolorization of the dye in appreciable amount when the smegma bacilli 
had been the inoculum but in much smaller amounts when tubercle bacilli 
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Cuarti. The change in pH during the growth of smegma bacilli on liquid media (Long’s 
synthetic medium and glycerine broth). This curve is typical of results with 12 cultures. 


had been grown on the broth. Heating the filtrates to boiling did not deprive 
them of their ability to decolorize the dye. When they were dialyzed against 
pure water in collodion membranes, both the dialysate and the material 
dialyzed contained the active factor. A few drops of 10 per cent sulfuric acid 
added to filtrates modified them in such a way, however, that they no longer 
possessed the property of decolorizing malachite green. Addition of a few 
drops of 10 per cent sodium or potassium hydroxide increased the rate at 
which the dye lost its color. 

These observations led us to suppose that we were dealing with a phe- 
nomenon which depended solely upon the reaction of the medium. The ter- 
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minal pH values for the smegma culture, which were always alkaline (pH 
8.6-9.4), and those of the cultures of tubercle bacilli, which were always acid 
(pH 5.4-6.6), likewise point to this conclusion. 

The course of the change in pH during the growth of smegma bacilli is 
shown in chart 1. 

It occurred to us that if our conclusions were correct with regard to the 
nature of the color change, other dyes of the triphenylmethane series should 
act similarly. Accordingly we prepared both Petroff’s and Petragnani’s 
media in which we substituted pararosaniline and brilliant green for the mal- 
achite green. As we had supposed, growth of tubercle bacilli on these media 
produced no change in the color of the dye. However, growth of smegma ba- 
cilli in each case was accompanied by decolorization of the dyes in a manner 
similar to that seen when malachite green was used. 

The disappearance of the color of malachite green can easily be demon- 
strated by adding a small amount of dilute dye solution to a series of buffer 
solutions of varying pH. When phosphate buffers are used, rapid decoloriza- 
tion is seen at pH 7.2. 

That ammonia is probably the factor causing the greater alkalinity in the 
smegma filtrates is shown by actual determinations. These were carried out 
by the Kjeldahl distillation procedure using magnesium oxide instead of the 
alkali usually employed since by this method smaller amounts of amide nitrogen 
are liberated as ammonia. Determination of ammonia in the solid media 
showed five times as much in smegma as in tubercle bacillus cultures. 

Wet washed smegma bacilli suspended in buffer solutions at different pH 
values were capable of causing decolorization of added dye in approximately 
the same period of time at 38°C. as was required by the filtrates. This de- 
colorization took place exceedingly slowly at pH 6.0, more rapidly at pH 7.0, 
and quite rapidly at pH 8.4. When a portion of these bacilli were suspended 
in distilled water and allowed to stand in the incubator at 38°C. for two days, 
addition of Nessler’s reagent caused the appearance of the deep amber color 
characteristic of the presence of ammonia. 

The results indicate that the color change observed in our cultures of smegma 
bacilli is due to the production of greater alkalinity in these tubes as compared 
with the tubercle bacilli cultures. The increased alkalinity is probably due 
to the increased amounts of ammonia shown to be present in smegma bacillus 
cultures. These results are in accord with those of a number of investigators 
who have found terminal alkaline pH values in culture media of the smegma 
bacilli and acid values for those of tubercle bacilli. The actual color change 
can be ascribed, on the basis of the present-day knowledge of the triphenyl- 
methane dyes, to the tautomeric shift of the dye molecule to the colorless color- 
base tautomer which, as has been pointed out, takes place in alkaline solution. 
It seems likely that we are dealing here with ammonia and water ammonolysis 
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producing hydroxyl ion. The greater amount of ammonia produced by the 
smegma organisms does not appear to be due to a difference in their proteolytic 
activity, since we, as well as others, have observed it to take place on Long’s 
synthetic (protein-free) medium. The production of ammonia by the smegma 
bacilli as a result of autolysis is no doubt an important factor. Presumably, 
the amount of ammonia produced by tubercle bacilli is never sufficient to 
decolorize the dye in the solid media. 


CONCLUSIONS 


The disappearance of color in cultures of smegma bacilli grown on Petrag- 
nani’s and on Petroff’s media containing malachite green can be used to dif- 
ferentiate these organisms from tubercle bacilli which are not capable of 
producing the change in these culture media. 

The color change results from a tautomeric shift of the dye molecule to the 
colorless color-base of malachite green because of increased alkalinity. The 
increased alkalinity is due to the greater production of ammonia by the smegma 
bacilli. 

Autolysis of smegma bacilli with the production of ammonia is probably 
an important factor. 
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SULFAPYRIDINE IN EXPERIMENTAL TUBERCULOSIS: ? 


“ HARRISON F. FLIPPIN, JAMES S. FORRESTER AND THOMAS FITZ-HUGH, JR. : 
The studies of Rich and Follis (1) suggested that sulfanilamide has some i 

inhibitory effect on the development of experimental tuberculosis in guinea " 

5 pigs. Subsequent investigators (2, 3, 4) obtained divergent and less conclusive i 
- results. From these experiments and from one clinical report (5) there is vi 
of little reason to believe that sulfanilamide is an important therapeutic agent é 
in human tuberculosis. During the past year we have treated with sulfapyri- 4 

od dine 3 patients suffering from pneumococcic pneumonia, superimposed on i 
od active pulmonary tuberculosis. In each instance the pneumococcic infection i 
. was promptly controlled and the tuberculous process was left at least in status ; 
quo, whereas prior clinical experience had led to the expectation that the 

y pneumococcus disease would have an unfavorable effect upon the tuberculous 4 
process. Crawford (6) cites a case of pneumococcus pneumonia superimposed i 


on pulmonary tuberculosis with satisfactory response to sulfapyridine therapy, 
both as to the pneumococcic infection and the tuberculosis. : 

On the basis of these clinical observations we undertook a study of the i 
influence of sulfapyridine therapy on the tubercle bacillus in the guinea pig. F 

The study was planned to determine whether sulfapyridine therapy would 
prevent the spread of the M. tuberculosis from a local site of injection and : 
whether the drug would favorably influence the course of an infection which 
had been given time to spread. Fifteen adult guinea pigs, each weighing 
more than 550 g., were used in this preliminary study. They were divided 
into three equal groups. Strain P-13B of M. tuberculosis var. hominis was 
used as the infecting organism. Each pig received an intraperitoneal inocula- 
tion of 0.1 mg. of this virulent strain. 

Group I (control) received no therapy. 

Group II, received 100 mg. of sulfapyridine by mouth twice a day for ten 
days and then once a day for five days more, (total dosage 2.5 g.). Therapy 
was begun on the day the inoculations were made but several hours later. 

Group III was untreated for two weeks after inoculation and then received 
a daily dose of 200 mg. given in two 100 mg. doses (total dosage 2 g.). 

After four weeks all pigs were killed except one in group II that had died 


1 From the William Pepper Laboratory and the Department of Medicine of the Hospital 
of the University of Pennsylvania, Philadelphia. 
2 This work was aided by a grant to the Hematology Fund from Mrs. Bruce Ford. 
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after three days of therapy. The spleens were removed with aseptic precau- 
tions, ground in a mortar with saline solution to a thin cream, and serial dilu- 
tions made of the suspensions so obtained. These dilutions ranged from 1 to 
100 to 1 to 10,000; 0.2 cc. of each dilution was spread upon the surface of a 
large Bordet glycerin-potato-blood-agar slant, sealed with Parafilm, and 
cultures were incubated for six weeks. The results are shown in table 1. 


TABLE 1 
Colony counts 


DILUTION 
CONTROL 


100 1,000 


#1 4 
#2 Contaminated 
#3 200 
#4 10 
#5 


TREATED AT ONCE 


#1 
#2 
#3 
#4 
#5 


TREATED LATER 


#1 
#2 
#3 
#4 
#5 


DISCUSSION 


There is obviously no significant difference between the number of colonies 
recovered from the spleens of treated and untreated animals. This result is 
at variance with the result recently reported by Feldman and Hinshaw (7). 
These workers used gross pathological differences as an index of the efficacy of 
treatment. The method of colony counting from the spleen suspensions offers 
a different approach, one from the bacteriological standpoint. It is to be 
noted also that these and some other workers have continued administration 
of the drug for a considerably longer period than the ten-day period employed 
by us. We found it almost impossible to continue sulfapyridine administra- 
tion longer because of its toxic effect. It is also important to note that the 
infecting dose used by us is considerably larger than that used by some in- 
vestigators reporting favorable results. 


10,000 

0 0 
4 0 
25 1 
0 0 
0 0 

Died 
30 4 1 
20 0 0 
2 0 0 
250 35 3 
12 4 0 
15 2 0 
1 0 0 
0 0 0 
17 0 0 


SULFAPYRIDINE IN EXPERIMENTAL TUBERCULOSIS 


CONCLUSION 


Under the conditions of our study there was no evidence that the ability 
to spread or the viability of M. tuberculosis were adversely affected by the 
oral administration of sulfapyridine. This finding, of course, has no bearing 
on the question of the possible value of sulfapyridine for pyogenic complica- 
tions of pulmonary tuberculosis. 
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STATISTICAL DATA 
Edited by YESSAMINE S. WHITNEY 
TUBERCULOSIS IN THE SERVICES 


In an article Tuberculosis in the Services! Col. S. Lyle Cummins of Wales, 
writing in the April, 1940 issue of Tubercle, quotes some interesting compara- 
tive figures regarding the incidence of tuberculosis in the various armies in the 
first World War. The French had a rate of 1.8 per cent of discharges due to 
tuberculosis in the early months of the War, which fell to 0.6 per cent later. 
The Medical Research Council of England estimated the discharge rate at 1.1 
per cent; the War office at 0.9 per cent. The American army had a correspond- 
ing rate of 0.7 per cent.. The Belgian army was reported to have the low rate 
of 0.3 per cent. 

Doctor Cummins discusses present needs as regards tuberculosis in the army 
among which are tuberculosis specialists as members of the examination boards, 
sanatoria and hospitals for suspected cases rather than immediate discharge, 
and “X-ray photography” for all recruits if not too expensive and if outfits 
and skilled personnel to use them can be obtained. 


NURSING CARE OF TUBERCULOSIS PATIENTS 


Some time ago, the National Tuberculosis Association and the three national 
nursing organizations jointly instituted a study? of the actual amount of nurs- 
ing required for individual patients in tuberculosis institutions. Six institu- 
tions in as many different states agreed to take part in the study. Their total 
bed capacity was 1,322, distributed at the time according to occupancy as 54 
per cent bed patients, 34 per cent semi-ambulant, and 12 per cent ambulant. 

All nursing procedures were carefully timed and the results showed that 
the average bedside nursing time required per patient during each twenty- 
four hours was as follows: 


Bed surgical patient 

Bed medical patient 

Semi-ambulant patient 

Ambulant patient ' 0.5 hours 


On the basis of a forty-eight hour week for nurses this would mean one nurse 
for every three to four patients. Since practically no institutions are thus 


1§. Lyle Cummins: Tuberculosis in the Services, Tubercle, 1940, 21, 236. 
2 A Study of the Nursing Care of Tuberculosis Patients, Am. J. Nursing, 1938, 38, 1021. 
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equipped, the question is raised as to how much of actual bedside care can be 
satisfactorily performed by lay employees. 


TRAINING IN TUBERCULOSIS IN SCHOOLS OF NURSING 


One of the factors militating against good nursing care in tuberculosis in- 
stitutions is the lack of training in this respect during the student nurse’s 
course. This lack has been set forth in figures in a paper® presented at the 
National Tuberculosis Association annual meeting in Cleveland in June, 1940. 

The total number of nursing schools in the United States meeting minimum 
requirements set by law number 1,319. The total number of student nurses 
registered in those schools January 1, 1939 numbered 79,225. The following 
table gives data showing the extent of training in acute communicable disease 
and in tuberculosis in these schools. 


TRAINING SCHOOLS STUDENTS 
EXTENT OF SPECIAL TRAINING 


Number Per cent Number Per cent 


Acute communicable disease service 690 52 44,187 55 
Tuberculosis service 386 29 26,671 34 
Both services 305 23 20,523 26 
Neither service 529 40 28,171 35 


Along with these figures should be considered the following data.‘ In 1939, 
for every 100 patient days for patients in a general hospital, there were 21.2 
patient days in tuberculosis institutions. And there were twenty-five times 
as many patient days for tuberculosis as for all hospitalized acute commu- 
nicable diseases together. 


TUBERCULOSIS BEDS IN RELATION TO STATE PER CAPITA INCOME 


A further illustration of the now famous saying of Biggs that “public health 
is purchasable” is given in Public Health Reports,’ issue of May 10, 1940. 
The section on tuberculosis hospitals is well worth reading in its entirety. 
Only a brief reference to it can be made here. All states were divided into 


3’ Kathryn Helm: The Place of Tuberculosis as a Communicable Disease in the Cur- 
riculum of Schools of Nursing, to appear in Trans. Natl. Tuberc. Assn., 1940. 

* Hospital Service in the United States, Nineteenth Annual Presentation of Hospital 
Data, J. A. M. A., March 30, 1940. 

5 Elliott H. Pennell, Joseph W. Mountin and Kay Pearson: Existence and Use of Hospital 
Facilities among the Several States in Relation to Wealth as Expressed by Per Capita In- 
come, Public Health Reports, May 10, 1940, 55, 822. 
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four groups according to per capita income. In the first class having the 
highest income, there were 1.68 beds per tuberculosis death; the next highest, 
1.36 beds; in the third class, 0.76 and in the lowest income group, 0.54 beds 
per death; or, instead of the minimum standard of one bed to a death, the 
average of these twelve states was about a half of a bed to a death. 


A STUDY OF TUBERCULOSIS AND PREGNANCY 


Further evidence of the importance of examining all pregnant women for 
tuberculosis is given in an article* reported on in the August issue of the 
American Journal of Obstetrics and Gynecology. From June 1, 1934 to July 1, 
1938 all pregnant women examined at the clinic of the Minneapolis General 
Hospital had such an examination. In that period the cases numbered 2,350. 
Nearly two-thirds were negative to the tuberculin test. Eight hundred 
forty-one, or a little over one-third, had positive reactions and were X-rayed. 
One hundred thirty-five, or nearly 6 per cent, had evidence of a primary com- 
plex but chief interest centres around the 26, or 1.1 per cent of the total number, 
who had reinfection-type lesions. 

This percentage approximates that of other researchers in this field. In 
commenting on this figure, the authors say: “In 1937, there were born in the 
United States 2,203,337 infants. If 1 per cent of the mothers had clinical 
tuberculosis, more than 20,000 cases could have been discovered that year. 
It is doubtful whether more than a very small percentage of this number was 
actually discovered, inasmuch as without modern methods of examination, 
including the tuberculin test and the X-ray film, only the more advanced 
cases with symptoms and abnormal physical signs come to light.” 


* Edward C. Maeder and J. Arthur Myers: The Significance of the Tuberculin Test in 
Pregnancy, Am. J. Obst. & Gynec., 1940, 40, 218. 
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MEDICOFILM SERVICE 


The microfilm copying service of the Army Medical Library has been es- 
tablished for the purpose of rendering the literature resources of this Library 
available to the many research workers at a distance from Washington, who 
are unable to come in person to consult its extensive collections. This is 
accomplished by copying photographically upon microfilm, the pages of med- 
ical periodicals containing descriptions of original research, and sending 
these to persons engaged in the advancement of medical science. This plan 
avoids the disadvantage of loaning the journals themselves and thus impair- 
ing the reference character of the library. Microfilm copying, therefore, 
provides an improvement and extension of the service to research and learning 
which it is the function of scientific libraries to render. 

This method of photographing in reduced size upon moving-picture film, 
is the most economical procedure so far devised for making a single copy of 
printed material. It permits the research worker to secure copies of the papers 
upon a given subject at a far less cost than is possible in any other way. The 
microfilm copies so made can be attached to sheets of paper and filed in the 
same manner as reprints or manually prepared notes. They supplement at 
relatively little cost, the collections of research papers made in other ways and 
permit assembling, in the most convenient form, the large numbers of widely 
scattered publications required by authors of compendia, treatises, text 
books and all other digests of scientific literature. 

Microfilm copies have, however, the disadvantage that the text can be 
read only with the aid of a magnifier or projector. These devices are avail- 
able at present and more perfect and less expensive ones are being developed. 
Since microfilm copies usually represent only a small part of the literature 
collections made by an individual, the effort to read them will not be a serious 
task and will be very greatly compensated by the advantage of having at 
hand the complete copy of desired original publications. 

Since experience has shown that a large part of the cost of microfilm copying 
is consumed by accounting and clerical operations, an attempt to reduce these 
is being made by establishing a flat rate of 30 cents per complete article, not 
exceeding 30 pages in length, copied from a periodical received by the Army 
Medical Library. In the case of articles longer than 30 pages, an additional 
charge of 10 cents for each succeeding page or fraction thereof is made. 

Orders for microfilm copying should be addressed to: 

Medicofilm Service 
Army Medical Library 
7th St. and Independence Ave. 
Washington, D. C. 
A list of more than 4,000 titles of medical periodicals, currently received by 
the Army Medical Library may be obtained from the same address. 
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